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| Flush Mount Colour CCD Reversing 
Camera 


In-Dash MP3 Player with Radio 


Listen to your favourite MP3s directly from the USB/SD card slot. Featuring 
PLL tuner with 18FM/12AM presets, and MP3/WMA playback you will never This camera is specifically designed for rear-view systems in 
miss a beat with this in-dash MP3 player. Š cars and trucks. It comes with a detachable video and power 
+ Front USB and SD card slot R sy lead so you can easily run the cable back to the monitor. An 
+ Max 16GB USB, 8GB SD image reversal lead is fitted and the camera will operate in 
(support HC cards) ‘reverse mode" or ' normal mode’, depending on how it's 


+ MP3 1D3 tag display wired up. 


+ 4 channels x 40W MAX + Resolution: 380 TV lines $99 00 
power output $7Q 00 + Sensor: 1/4" CCD colour sensor { 
-4 channels x 20W RMS power output 79 + Viewing angle: 50 deg SAVE $150% 


j eee + Supply voltage: 12V0C @ 75mA 
: * + Measures: 2(Dia) x 40(L)mm 
Magnetic Parking QC3728 WAS $249.00 


Sensor with Beeper 


When you get 
within 1m of 
another car or 
any other object 
near your 
bumper, 
the alarm will 
sound to alert you. Simple to install, the sensor is 
completely concealed under the 

bumper with no drilling required. $299 


e Fits any vehicle SAVE $20% 
+ Easy installation : 
* Connects to the reversing lights 
LR-8861 WAS $49.95 


+ 2 channels x 2V line-out SAVE 520% ` 
QM-3781 WAS $99.00 f 


7" TFT Colour Monitor with Headrest 


If you already have a DVD player or other video source in the car, you can 
set this up as a second or third monitor as part of the system. With this 7" 
LCD colour monitor headrest, kids can watch the same movie on two 
different monitors, or play different games on 
their X-Box” through the AV input. 

| Unit comes in a grey headrest, $149 00 
and easily fits into your car seats. SAVE $50% 


+ Screen size: 7 inches 

| + Resolution: 1440 x 234 (16:9/4:3 selectable) 
+ Power: 12VDC 
+ Headrest dimensions: 
290(W) x 190(H) x 140(D)mm 
| QM-3773 WAS $199.00 


Buy 2 for $288 SAVE $110 


o 


Rear View Mirror TFT 
Monitor with Camera 
A complete rear-view safety package including a 7" TFT LCD 
monitor and CMOS reversing and camera. The monitor fits 

securely over your existing rear 
vew mirror and can be 

quickly removed when 

needed. It has adjustable 
spring-loaded brackets to 
fit different sized mirrors and 
includes a slimline remote control. 


+7 inch screen 


+ 5m video/power cable included Q 


* Requires 12VDC $1 79 00 
* Dimensions: 260(L) x 108(H) x 50(D)mm i 
QM:3762 WAS $249.00 SAVE $70% | 


/ Secure Your Home This Easter 


| Four Zone Security Alarm with 2 Wire Technology 
A simple DIY alarm. All system components (sensors, sirens) are connected to the control unit via a two core flat wire. The unit 
has a built- in keypad with status LED and three modes of operation (Home, Out, Off). All sensors and sounders are line 

| protected so any attempt to interfere will sound the alarm. 


Housed in a tough rubberised case, it’s an ideal power 
accessory for your next camping, fishing or 4WD adventure. In 
addition to a 200W modified sine 


| Supplied with: FREE Alarm Sticker wave inverter, it also provides a USB 
* Four-Zone system to set up multiple zones which can be monitored or (LA-5104) with outlet, an LED work light and two 
enable independently (i.e. upstairs /downstairs or house & garage etc.) every purchase 12V cigarette lighter outlets. 
* Main control unit £ * Dimensions: 230(W) x $59 95 
* Two PIRs = 180(H) x 62(D)mm ane 
* Four door or window contact switches | MI-5103 WAS $69.95 SAVE +10” de. 
* External switch 
* 240VAC adaptor $1 29 00 
+ 50m two-core flat wire clips SAVE $20% | 


* Screw/wall plugs 


+ Main unit: 160(H) x180(W) x35(D)mm Í STURT | . 
LA-5475 WAS $149.00 its 154 Baylis St 
w BAYLISSTREET = 
Accessories sold separately A & Wagga Wagga 
Extra PIR with dual-element passive infra-red intrusion detector LA-5476 $29.95 A E NSW 2650 
A long range curtain lens with a vertical beam LA-5473 $6.95 2 5 . 
Pet Alley Lens - Allows pets to move around in a protected area without setting off the alarm LA-5471 $6.95 ig TONGABOO LANE Ph: (02) 6931 9333 


== € à ia sey i bars sea ie i 
) Buy a Gift Card today! 
| e 
Car audio noise filters or hot line filters are used to reduce noise and interference entering your car stereo through the power lead. The : LA P 
car alternator is one of the most common sources of problems, and these essential devices can help to reduce this. Three sizes ‘Rew, (a $ 
available depending on the power rating of the affected amplifier/radio etc. e J _ Pa 


a A 


20 Amp Car Noise Filter 
$995 * For medium car stereos 
* Size: 78(L) x 60(W) x 46(H)mm 
AA-3072 WAS $15.95 


Sa SAVE $6% AA-3076 WAS $24.50 
40 Amp Car Noise Filter 
+ Effective against ‘engine hum' & ‘ticking’ 
+ Chrome plated case = $24 95 


e Size: 75(L) x 40(Dia) mm 


i C 
AA3081 WAS $29.95 AFP Ss SAVESS® NC pm 


To order call 1800 022 888 www.jaycar.com.au : 
Prices valid until 23/04/2011. While stocks last. No rainchecks. Savings are based on ORRP. 


5 Amp Car Noise Filter 
+ For basic car stereos 
* Size: 63(L) x 31(Dia)m 


Cat. NOONE 
NOISE FILTER | 
Input: Output: 


— Rea’ 
Black Ground 
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$1995 


SAVE S45 | 
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14 Can Earthquakes Be Predicted By VLF Radio Signals? 


Low-frequency RF signals may indicate the onset of earthquakes. Here’s a low- 
frequency preamplifier that plugs into your PC’s sound card — by Stan Swan 


22 The Rise & Fall Of Electronics Today International 
Launched 40 years ago this month, “Electronics Today” (later ETI) caused 
quite a stir at the time and gave “Electronics Australia” a run for its money. The 
magazine's founding editor tells its story — by Collyn Rivers 


70 Review: Agilent’s InfiniiVision 4-Channel Oscilloscopes 
These new high-performance scopes from Agilent feature a wide screen 
format, have a good range of facilities and are easy to use — by Nicholas Vinen 


Portable Eph one Amplifier For 
MP3 Players — Page 28. 


Fed up with the sound from your MP3 player? Build this high-quality portable 
headphone amplifier and be amazed at the difference — by Nicholas Vinen 


40 Fixing Transformer Buzz In The Class-A Amplifier 
Quite a few constructors have had problems with transformer buzz in the 20W 
Class-A Stereo Amplifier. The cure is surprisingly simple — by Leo Simpson 


44 Cheap’n’Simple 100V Speaker/Line Checker 


This simple project will be a boon to anyone setting up 100V PA systems. It 
lets you check each PA speaker and line as it is run — by Ross Tester 


62 A Speed Controller For Film Projectors 
Transfer your old home movies to DVD before it’s too late! This simple PIC- 
based speed controller lets you synchronise the film frame rate with your 
camcorder to avoid serious flicker — by John Clarke 


86 The Maximite Computer, Pt.2 


Last month, we introduced our new PIC-32-based microcomputer and gave 
the circuit details. Now for the fun part: building it (and yes, Altronics has kits) 
— by Geoff Graham 


Cheap’n’Simple 100V Speaker/ 
Line Checker — Page 44. 


57 Serviceman’s Log 
Thanks for the dodgy memory (not) — by the Serviceman 


. . PIC-Based Speed 
77 Circuit Notebook Controller For Film 
(1) Mains Timer For Battery Chargers; (2) Chirp Suppressor For A Car Alarm; Projectors — Page 62. 
(3) PIC-Based Square-Wave Generator; (4) H-Bridge Circuits For Robotics; (5) wr 


LED Light Controller 
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28 Portable Headphone Amplifier For MP3 Players 
The 1939 STC 504 5-valve table radio — by Rodney Champness 
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Publisher's Letter 


Nuclear power now not likely 
in Australia 


In the aftermath of the appalling earthquake and 
tsunami in Japan, and the still unfolding nuclear power 
station disaster, there has been an inevitable and smug 
“we told you so” reaction from the anti-nuclear brigade 
in Australia. Never mind that the nuclear reactors ac- 
tually survived the most severe earthquake in Japan’s 
history and that it was the following tsunami that caused 
all the damage. Never mind that any nuclear power 
station which might (now possibly never) be installed 
in Australia would be a modern design with far more 
safeguards than the old reactors in Japan. Never mind that Australia is not subject 
to severe earthquakes and tsunamis in any case. This is a major setback for nuclear 
power which will last many years. 

So the rallying cry from the greens is that we must rely on renewables, which 
as most people are now aware, are much more expensive than coal or gas-fired 
power stations, and which require back-up with an equivalent capacity of yes, coal 
or gas-fired power stations. 

On a related topic, concerning that dreadful “carbon pollution” and “climate 
change” (caused by you and me), is a recent press release from Ausgrid, which 
is the new name for Energy Australia, the major electricity retailer (recently sold 
to TRUenergy) in Sydney. Ausgrid are urging people who own electric hot water 
systems to hurry and replace them while government subsidies are still available 
to install “energy efficient” gas-fired, heat pump and solar hot-water systems. 

Readers may not be aware of it but electric hot-water systems have not been al- 
lowed in any new homes or dwellings since last year and no such systems will be 
able to be replaced from 2012. 

Now it is not clear just how universal this ban will be but there are vast num- 
bers of hot water systems installed in home units, offices, shops and commercial 
premises where it just won’t be possible to replace them with gas-fired or solar 
systems. Is this yet another misguided government attempt to make us all more 
energy efficient? By the way, the press release includes this ridiculous statement: 
“Every time you have a hot shower powered by electricity, you’re using the same 
amount of energy that it takes to run 150 televisions at once”. 

Now it is true that electric hot-water can account for around 35-40% of total 
household electricity consumption but the above statement is highly emotive 
rubbish. Yes, the heat energy being delivered from your shower head is at very 
high rate (albeit it has been accumulated in the tank over a period of maybe half 
an hour or so) but that is akin to saying that the petrol coming from the bowser at 
your local filling station is equivalent to a large power station — equally ridiculous. 

I feel that the whole process of using government subsidies to get people to re- 
place perfectly functioning hot-water systems is another huge waste of resources, 
especially as those same systems may last for many more years (particularly if 
their sacrificial anodes are replaced every five years or so). Yes, gas-fired systems 
are more energy efficient but the cost of operation under present tariffs is about 
the same as for an electric off-peak system. Solar hot-water systems are generally 
more efficient but unless properly installed, they can use lots of electricity or gas 
in their booster when the sun is not present. 

So even if a conversion from electricity to gas or solar is promoted, the overall 
energy savings may not be that large. And the process of encouraging people to 
scrap functioning units simply ignores the large amount of natural resources which 
have to be used to manufacture the new unit. 

For my part, I am going to keep my off-peak electric hot water system going for 
as long as I can. This may not conform to the current government doctrine but I 
regard it as being more environmentally and fiscally responsible. 

You can find the current federal government edict on hot-water systems at: 
www.climatechange.gov.au/what-you-need-to-know/appliances-and-equipment/ 
hot-water-systems/phase-out 


Leo Simpson 
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MAIEBAG 


Mitsubishi i-MiEV 
is a joke 

I’m really impressed by your March 
2011 issue, featuring the Mitsubishi 
electric car, the i-MiEV; but not by 
the i-MiEV, nor your conclusions. 
The acknowledgement lists Malcolm 
Faed, who electrified an ordinary ute 
(SILICON CHIP, June 2009). He halved 
its top speed, reduced its range to just 
a quarter, and then needs all morning, 
and some, to recharge it. 

He’s an amateur. Let’s see what 
the professionals can do. Well, the 
performance of the i-MiEV is depress- 
ingly similar. The top speed is only 
130km/h and what’s the 70-to-100 
acceleration like for over-taking? The 
range is a maximum 160km but really 
about 100km; it only gets halfway to 
grandma! 

Charging is only “fast” with a rare 
3-phase device and still takes 30 min- 
utes to 80%. “Real” charging takes 
seven hours! That’s a 7-to-1 charge- 
to-use ratio! The article finishes by 
claiming “these new electric cars are 


Power factor correction for 
appliances could be mandated 

In the Mailbag pages of the March 
2011 issue of SILICON CHIP, you wrote 
in response to M. R., that “all these 
power factor correction gizmos pro- 
moted to domestic consumers have 
no benefit”. 

You are of course entirely correct 
—as far as the domestic consumer is 
concerned. But no benefit to anyone? 
What about the electricity utility? 

While we're throwing about basic 
equations, how about P = I?R? Cur- 
rent out of phase with voltage deliv- 
ers no real power, to be sure — but 
it does lead to quite real losses in 
transmission lines. The consumer 
doesn’t pay for that (directly) but 
the utility does. 

Granted, the effect in a domestic 
setting is minuscule but of no ben- 
afit? None at all? Reducing transmic- 


Letters and emails should contain complete name, address and daytime phone number. Letters to 
the Editor are submitted on the condition that Silicon Chip Publications Pty Ltd may edit and has the 
right to reproduce in electronic form and communicate these letters. This also applies to submissions 
to “Ask SILICON CHIP” and “Circuit Notebook’. 


definitely practical . . .” For what? — 
short trips and long waits? 

I suggest a diesel hatchback would 
blow this out of the water and use 
bio-diesel if you want to be greener. 
When I saw Malcolm’s electric ute 
on the cover of the June 2009 issue 
of SILICON CHIP, along with the “jolly 
clever” battery meter, I thought — great 
irony. Now I realise you were actually 
serious! You really think electric cars 
are a “good idea”. 

I’m off to watch Top Gear (how did 
you guess) for some common sense. 
That’s the real Top Gear too. 

Allen Reynolds, 

Glenfield, North Shore City, NZ. 
Leo Simpson comments: thanks for 
your letter, Allen. It gave me a good 
laugh. 

I actually agree with you and think 
that electric cars are never likely to 
be seen on our roads in large num- 
bers. Check my Publisher’s Letter in 
the January 2009 issue — I have not 
changed my opinion since then. 

Having said that, we feel that we 


sion line losses saves someone some 
money, somewhere. 

David Meiklejohn, 

Macquarie Fields, NSW. 
Comment: the thrust of our rejection 
of these products is that they have no 
benefit to consumers. After all, this 
is why they are being sold; not as a 
benefit to the electricity distributors. 

The effect of these gizmos is very 
small in any case. They can only 
provide power factor correction for 
a particular motor-driven appliance 
at the time it is being used. At all 
other times, they provide a leading 
power factor which might offset lag- 
ging power factor from appliances in 
other households. 

If the electricity retailers decided 
that power factor correction of motor 
driven appliances was really desir- 
able, they could have the standards 
for these appliances changed so that 


should report on developments in 
electric cars. Maybe, just maybe, there 
might be enough developments in bat- 
tery technology to make them really 
practical. But the i-MiEV is a fun car 
to drive and it might be quite popular, 
depending on its sale price and the 
ultimate cost of petrol. 

By the way, I also agree with you 

about the real Top Gear! 
Malcolm Faed comments: electric 
cars are not for everyone. With the 
current battery technology, they are 
best used as a very economical, low- 
maintenance second car if you need 
one, and take the other car when you 
need to go to see Grandma, or feel the 
need to go much faster than 100km/h 
(in NZ). 

As hydrocarbon-based fuel costs 
dramatically increase (remember 
2008: http://en.wikipedia.org/ 
wiki/2000s_energy_crisis), whether 
in our lifetime or our kids, we will all 
begin to think very differently about 
our needs and wants. Where we live, 
work, shop, socialise and holiday. The 


the optimum capacitors were fitted 
in every case. That would be only a 
small cost to the manufacturer and 
would have maximum benefit for the 
life-time of the appliance. 

To be specific, power factor cor- 
rection capacitors could be added to 
refrigerators, freezers, dishwashers. 
washing machines, air-conditioners 
and swimming pool pumps. Some 
brands may already have power 
factor correction. 

_ However, there is another possible 
scenario where power factor cor- 
rection of motor-driven appliances 
might be worthwhile and that is 
where a household is using an off- 
grid solar system. In these cases, 
power factor correction means less 
load on the inverter. Again, the 
power factor correction capacitors 
would have to be installed in the 
individual motor-driven appliances. 
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Weekly Timer 12 VDC 
TM-619 is a weekly 
timer capable of switch- 
ing a large load at pre- 
programmed times dur- 
ing the week. The timer 
can hold 8 programs. 
Each program has an 


on and off time for one or more days of 
the week. 24VDC, 240VAC available 


NOR-101 $49.95+GST 


PID Controller 

Want to control the 
temperature of an 
oven accurately? A PID 
controller is the way to 
do it. This low-cost 
instrument can be 


easily installed and operated. It accepts 
J,K and S thermocouples and Pt100 
RTD, features a relay and pulse output 
for driving solid state relays and option- 
ally can be supplied with a linear 4 to 


20 mA output. 
CET-050 $139+GST 


DIN Rail Power Sup- 
ply 

Industrial grade 40W 
Power Supply available 
with 5V,12V, 24V or 
48VDC output. 
PSM-154 $54+GST 


Port Powered 
RS232 to RS485 
converter 

Simple to use 

RS232 to RS485 
converter with auto- 
matic send data 
control. 

TOD-004 $29+GST 


Labjack U6 

USB data acquisi- 
tion unit features a 
16-18 bit ADC, 


Programmable Gain Amplifier and 14 
analog inputs. Other features include 
20 digital I/O, 2 analog outputs, 2 32 
bit counters and 4 timers. All Windows 
software and drivers, Labview drivers 


included. 
LAJ-041 $389+GST 


4-20mA Loop 
Powered Panel 
Meter 5 Digit fully 
programmable by 
front panel keys 
24x48mm Front. 
AXI-001 $129+GST 


Flexible Couplings 

We now have a selection 
of flexible couplings for 
our motors. 

From $13.14+GST 


Industrial Plastic 
Enclosure 

ABS Plastic enclosure 
can be mounted on a 
panel or DIN Rail. 
Measures 115x90x72 
mm 

ENC-010 $7.95+GST 


Stainless Steel Float 
Switches 

Various Shapes and Sizes, 
220Vac/24Vdc 1.5A SPST - 
10 to 130 deg operating 
range. About the same or 
cheaper than most plastic 
types. 

From $19.95 +GST 
Cheap Plastic Float 
Switches From $8.50 +GST 


ACS714 Current Sensor 

Carrier -30 to +30A 

Measure currents up to 30A 

with this current sensor. 

Simple to use it features Allegro’s 
ACS714LLCTR-30A-T Hall effect-based 
linear current sensor. 

POL-1187 $16.50+GST 


Low Cost Pressure 

Sensors 

These popular 4-20mA 

output pressure trans- 

mitters have better 

than 1% accuracy. 

Stainless steel body. Available in ranges 
0 to 2,5,10,20,30 and 60 bar 
$149+GST 


PLC and HMI 

This combination PLC 

-HMI features 7” 

colour HMI, 26 key 

keypad, 16 Digital 

Inputs, 14 Digital 

Outputs and 2 Hi Speed pulse outputs 
for stepper/servo motor control 
PLC-120 $995+GST 


MP3 Trigger 

Play MP3’s from a mi- 
croSD card. Pre- 
selected MP3 tracks 
can be triggered by 7 
pins or by the full du- 
plex serial port. 
AUD-002 $54.95+GST 


Ocean Controls 
Factory 3/24 Wise Ave 
Seaford Vic 
Ph: 03 9782 5882 
www.oceancontrols.com.au 
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Mailbag: continued 


= 3/06/2011 
= 11/12/2010 
~~ 3/05/2011 


This graph shows the power produced by the writer’s 2k 
over three separate days. Note the variations in the green and mauve curves. 


Solar panel 
generation report 

Ihave a 3kW photovoltaic array on 
a roof with a 20° east facing slope, 
in a valley which runs north-south. 
There are also trees on all sides, 
which influence the time the Sun 
“rises” and “sets” for the panels. 

An attached graph shows the dai- 
ly power produced since purchase, 
while another (reproduced here) 
shows the pattern of production for 
three days. 


electrification of the vehicle fleet is 
one way to help maintain our current 
lifestyle into the future. 

The motivation for using an elec- 
tric car is quite varied from person 
to person, from environmental to 
economic. Some like to reduce their 
CO2 impact, others reducing depend- 
ency on foreign oil, energy security, 
self-sufficiency, minimising running 
and fuel costs, removing local pol- 
lution sources, keeping energy costs 
within your country, reducing our 
unsustainable footprint on this planet 
(http://wwf.ca/newsroom/reports/ 
living_planet_report_2010.cfm) or 
simply because they are new, and I 
am sure I have missed some. 

Conversely the reasons for not sup- 


6 SILICON CHIP 


I have noticed that the panels are 
very much geared to bright sunlight; 
even high cirrus clouds cause a 
marked drop-off in power. They 
are also sensitive to temperature. I 
washed off the dust and the power 
spiked rather than remaining high. 

Now to the questions: when the 
PV rebate comes to an end and 
the amount paid for PV generation 
drops (call me a sceptic), would 
it be possible to have the inverter 
disconnected from the mains, con- 


porting electric vehicles are many and 
varied; mostly centred around current 
price, availability, size and range. 
However just like flat screen TVs, the 
prices will reduce and the performance 
will increase with more products and 
competition. 

I am off to watch Robert Llewellyn 
on Fully Charged TV -www.youtube. 
com/user/fullychargedshow 


Mitsubishi i-MiEV should 
have in-wheel motors 

I was absolutely horrified by the ter- 
rible design of the Mitsubishi electric 
car featured in your February 2011 
issue. Just what is wrong with automo- 
tive designers? They are so fixated on 
the design of petrol and diesel vehicles 


nected to a separate circuit (perhaps 
red outlets) and use a 12V-to-230V 
inverter to provide the input signal 
to ignite the inverter? This power 
could then be used to drive reverse 
cycle A/C or heating at “no cost” 
during the day. 

Also, I know a licensed electri- 
cian has to do the mains wiring but 
what about 230V wiring from the 
likes of above or from a portable 
generator set? 

Name & address supplied but 

withheld at writer’s request. 
Comment: your graphs yet again 
show the erratic nature of power gen- 
eration from solar panels. Since the 
electricity grid has to cope with all 
the variations from solar and wind 
power, it actually needs the capacity 
to deal with the sudden cessation of 
these “green” power sources at any 
time. Inevitably, this makes it much 
more expensive to provide electricity 
to all consumers. 

As far as running a grid-feed so- 
lar system independent of the grid 
is concerned, this need has been 
highlighted recently in the aftermath 
of natural disasters such cyclones, 
floods and bushfires. When there is 
a general blackout, a grid-feed so- 
lar system on your roof is rendered 
useless. We are investigating how 
such systems might be able to pro- 
vide power to a household in these 
circumstances. Naturally, any such 
modification would have to meet all 
safety regulations. 


that they haven’t the faintest idea how 
to design an electric car at all. 

Firstly, since 1910 is has been 
known that the proper way to design 
an electric car is to use “in wheel” mo- 
tors wired in series. This completely 
removes any need for a differential, 
with a great saving of weight and an 
increase in drive efficiency. Modern 
permanent magnet motors designed 
for this application are available and 
reach efficiencies of well over 90%. 

The motor control system seems 
pretty poor too. With modern switch- 
ing FET control elements, a PWM sys- 
tem should run almost cool with the 
sort of heatsink shown in the photos. I 
base this on two small electric vehicles 
I have built. 
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Mailbag: continued 


Electricity & NBN 
should be underground 

Following the recent spate of natu- 
ral disasters and the failure of many 
infrastructure items, particularly 
electricity and pumping systems 
for water and sewerage, it may be 
time to look at an alternative system 
that can be placed at minimal extra 
expenditure. 

With the proposed roll-out of the 
NBN (national broadband network) 
and connection of fibre to the home, 
electricity distribution suppliers 
should look at piggy-backing a new 
supply system with that roll out. 
Fibre systems are not subject to the 


In my opinion, Mitsubishi haven’t 
done electric cars any favours at all. If 
a retired engineer like myself can see 
ways to increase the range by about 
30%, while reducing weight and sim- 
plifying construction, then I reckon 
their designers are not even trying 
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same problems as a copper system 
if power supply insulation breaks 
down, so the two can be placed in 
the same trench with little risk. 

Using the same technology as the 
single-wire high-tension DC system 
employed in the Bass Link (between 
Tasmania and the mainland), power 
distribution could be moved un- 
derground at a relatively low cost, 
meaning less risk of interruption to 
supply during storms, fires and most 
flood situations. It would also reduce 
the risk electrocution and also of 
fires caused by falling power lines. 

Don Pearce, 

Gledhow,WA. 


seriously to make a decent electric car. 

So many other designs have made 
exactly the same errors. You would not 
design a jet aircraft exactly the same 
as a piston-engined plane; neither do 
you build an efficient electric car like 
a petrol one! 

Clifford Wright, 

Helensville, NZ. 

Comment: as we understand it, in- 
wheel motors have not been adopted 
for electric cars because they present 
suspension problems, with high “un- 
sprung weight”. It is also not at all 
clear that having two or more in-wheel 
motors, with a separate control system 
for each, is necessarily more efficient 
or even presents a weight saving due 
to the lack of a differential. In fact, 
Mitsubishi's first MIEV did use in- 
wheel motors. 

By the way, how can you connect 
the motors in series if you need them 
to run at different speeds when turn- 
ing corners? 


Will existing phone equipment 
work with the NBN? 

After reading the February 2011 
Publisher’s Letter, I was glad he is 
mellowing towards old technology 
and appreciating it for what it is. This 
is quite a change to the earlier days 
of “SILICON CHIP will never publish 
a valve amplifier” or anything else 
valve-related for that matter. 

Your mention of vintage phones 
brings me to my first point. How about 


a project to convert decadic dialling 
to DTMF? Such devices are or have 
been available commercially. One 
example is the “Dialgizmo” at www. 
dialgizmo.com 

Unfortunately, it appears that their 
website is the only thing that still ex- 
ists and it’s no longer possible to buy 
the converter. Then there’s the “Ro- 
tatone” www.oldphoneworks.com/ 
rotatone-pulse-to-tone-converter.html 

The limitation with this is that it has 
to be fitted inside the phone, detract- 
ing from originality. And it has to be 
fitted to every phone that one wants 
to dial from, unlike one Dialgizmo for 
the whole house. 

As the NBN is likely to be forced 
upon us and since it will be DTMF 
only, this will present a problem 
to those of us who make calls from 
decadic dialling telephones. While 
I have toyed around with the idea 
of using 4017s to count dial pulses 
and a DTMF encoding chip, and will 
probably go down this path, I’m sure 
there’s a more elegant one-chip solu- 
tion. Obviously, if such a project was 
presented it would require the usual 
“not approved for Telstra connection” 
disclaimers. 

Still on the subject of electronic 
antiquities, I notice a preoccupation of 
late in the Vintage Radio articles with 
mains leads and their connections to 
vintage equipment. Having worked 
on hundreds of valve radios and tele- 
visions, I have yet to see a problem 
with a knot in the mains cable being 
used for strain relief. In fact, I’ve used 
this method for years in many of my 
valve and non-valve projects without 
any ill effect. 

Then, there was a couple of months 
ago a rather over-engineered earth 
connection to the chassis. I have yet 
to see any wires soldered to a chassis 
come off. 

Incidentally, if it’s one of my radio 
or TV sets and it had a twin-flex mains 
cord to start with, that’s what goes back 
on; complete with knot too, just to 
annoy the Nanny State! The earthing 
obsession almost verges on paranoia 
with the inference that every old radio 
is going to bite you with a chassis live 
at 230V, unless you earth it and more 
importantly, are using the “approved” 
combination of lugs, nuts, bolts and 
washers. If one is that paranoid, then 
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Mailbag: continued 


Comment on transformer earthing 
in Mains Moderator 

With regard to the Mains Modera- 
tor project in the March 2011 issue, 
having a background in manufactur- 
ing electrical/electronic equipment 
and having it tested before sale, I 
feel I am in a position to advise you 
that the details of how to earth the 
transformer as shown in the project 
are incorrect. 

In fact you would not need to 
earth the transformer at all if you 
were to use insulating bolts but as 
you are using conductive screws the 
screws and the transformer must be 
earthed. The rules state somewhere 
that the earth connection cannot 
be the assembly screw unless the 


run your radios via an RCD plug or 
isolating transformer. 

Finally, we come to using a chassis 
with no cabinet. Out in the real world, 
this is exactly how most home-made 
valve projects are built and used, and 
will continue to be used, earthed or 
not, and with or without a knot in the 
mains cord. One does not put fingers 
under the chassis in the same way one 
does not put fingers in a light socket. 

Perhaps more emphasis should be 
placed on fusing the mains supply. 
This can be done with an in-line fuse- 
holder to save disfiguring the chassis. 


Ar TEN 


earth connection is bolted to the 
transformer first and then you can 
use the protruding bolt to attach 
the transformer to the case. A star 
washer is also advisable between 
the earth lug and the transformer. 

Another trick often used is to cut 
the transformer mounting lug so that 
it leaves a strip 3/16-inch or 1/4-inch 
wide to use as a quick connect lug to 
connect the earth cable to. 

John Chappell, 

Caloundra, Qld. 
Comment: we were aware that we 
could have used Nylon screws 
and washers however we were not 
confident that they would hold the 
transformer securely in the event 
that the unit was dropped. 


Many power transformers have been 
needlessly burnt out when rectifiers or 
electrolytic capacitors fail. For a typi- 
cal valve radio, a 500mA time delay 
fuse works well. 

John Hunter, 

Hazelbrook, NSW. 
Comment: we will consider the idea of 
a decadic to DTMF dialler but we are 
not sure whether any existing fixed- 
line phone, cordless, decadic, DTMF 
or whatever, will work with the NBN. 
At the very least, an NBN converter/ 
adaptor would need to provide the 
normal DC phone line voltages as well 


as the 70VAC (or thereabouts) ring 
voltages. Will they do it? Perhaps not. 
With the way this NBN monstrosity is 
panning out, it would be no surprise if 
all existing fixed line phones become 
obsolete. That probably applies to all 
the other devices connected to copper 
phone lines. 

In the meantime, if you want to 
use an “olde-worlde” phone, there is 
nothing to stop you dialling out with 
a small pushbutton (DTMF) phone, 
and then continuing the call with your 
Bakelite treasure. 

As far as vintage radios are con- 
cerned, it is true that a knotted cord 
was usually the only form of anchor- 
age and that was deemed to be safe 
enough. However, like it or not, no 
electronic equipment can be manu- 
factured in that way today and have 
any hope of safety approval. SILICON 
CHIP is merely reflecting the reality of 
official regulations. 

Your suggestion of operating a vin- 
tage radio set with an RCD also reflects 
new regulations. They are required 
in all homes today. In any case, most 
power cords in vintage radios should 
be replaced as a matter of course. 


Enthusiastic reception 
for Maximite 

I read the article on the Maximite 
microcomputer in the March 2011 
issue with great interest. It is a great 
project and I will certainly be building 
one. Asan oldie who “cut his teeth” on 
both the Commodore VIC-20 and then 
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the Commodore 64, it is refreshing to see a retro-type 
project; it almost brings tears to my eyes! 

I bought a graphics cartridge for the VIC-20 and a 28k 
memory expansion card (made by “cottage industries” 
back in those days) and boy, wasn’t I in computer 
heaven! State of the art stuff! I wrote a program show- 
ing Voyager’s approach to Saturn, with my big chunky 
picture of Saturn getting bigger frame by frame as the 
spacecraft approached. I was really proud of that but 
I think it got sold with the VIC when I upgraded to 
the Commodore 64. I do remember it was stored on 
cassette tape! 

Anyway, the Maximite can be used as a microcon- 
troller as well, of course. It is indeed truly versatile 
and I agree with the author that it should develop its 
own fan base of users. 

As I say, a truly great project. I bet it won’t run clas- 
sic games like “Raid on Bungling Bay”, “Choplifter” 
and “Rescue on Fractalus”, however. Still, if I want to 
fully immerse myself in nostalgia, Ill bet I can find 
Commodore 64s on eBay. 

I look forward to constructing the Maximite. 

George Green, 

Wollongong, NSW. 


Maximite is appetising 

Congratulations on publishing the Maximite com- 
puter project. Amazing! This device could form the 
basis for many projects to be published in the future. 

How about a complete weather station? Place the 
Maximite in the house next to the computer, use 1-wire 
temperature sensors in the rooms of the house. Use the 
CAN bus to connect to a weather box in the garden, 
measuring temperature, humidity and barometric pres- 
sure. Above the weather box measure rainfall, wind 
speed and direction, solar insolation, lightning and 
anything else I may have missed. These add ons-could 
be published over several months. 

Maybe a title generator for ATV or a controller for a 
pool pump, with temperature logging, chlorine dosing 
and pH control. Fantastic! 

Steve Dyer, 

Carrara Qld. 


Don’t underestimate 
8-bit micros 

In the article on the PIC32 microcontroller (March 
2011), I was somewhat amused to read that calculating 
the local sunrise and sunset was “beyond the practical 
capacity ofan 8-bit chip”. 30 years ago I wrote a program 
to calculate the azimuth and altitude of the planets for 
an Ohio Superboard. The Superboard had 10KB of ROM 
for the O/S and BASIC interpreter, 4KB of RAM and a 
6502 CPU running at 1MHz. The program requested 
the user to input the time and their location, and it 
output the position of the planets after a few seconds 
of computation. The calculations for sunrise and sunset 
are very similar and require about the same resources. 

Most of the RAM was used for the program but for 
a dedicated task this would be moved into the ROM. 
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Mailbag: continued 


Digital control of valve amplifier 
not worth the effort 

I’m writing in response to Paul 
Matthews’ letter in the February 2011 
issue, on adding digital control to a 
valve guitar amplifier. 

Ihave built, modified and repaired 
many tube guitar amplifiers and 
preamps over the last 12 years or so. 
About nine years ago I had an interest 
in constructing a digitally-controlled 
tube preamp, having just completed 
my studies in electronics at TAFE at 
the time. Ironically, my principal in- 
spiration for the project was the same 
Mesa Boogie Triaxis preamp that 
Paul mentions, including the novel 
method of controlling the various 
parameters of gain/bass/mid/treble/ 
level using dual-element LDRs. 

Imanaged to work my way through 
about 60% of the coding for the PIC 
microcontroller before I came to the 
conclusion that such a project would 
be far too expensive to be practical. 
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The cost of developing and building 
such a device from the ground up 
outweighed the purchase price of 
the equivalent commercial preamp. 
I ended up completing the preamp 
project but opted to leave out the 
programmable control system for 
plain-vanilla potentiometer controls 
and a simple 2-channel switchable 
clean/dirty preamp configuration. 

In retrospect, I simply had no real 
need for such programmability — a 
couple of sounds served my purposes 
adequately; anything else in between 
I could get using external pedals or 
adjusting the guitar’s volume pot. 

The other hurdle is trying to find 
a system of controlling the signal 
that can withstand the large voltage 
swings present in tube amplifiers. 
As Paul mentions, digital pot ICs are 
hard to come by in the correct values 
(guitar amplifiers typically utilise re- 
sistances up to 1MQ), however most 
will only tolerate a handful of volts 
across the resistive element. 

Control feed-through from the IC’s 
data interface (known as “zipper 
noise”) can also cause headaches in 
a high-gain, high-impedance analog 
circuit. Mesa Boogie’s solution in 
the Triaxis is elegant if somewhat 
complicated (the dual element LDR 
is hard to come by and driving the 
unit requires considerable circuitry 
overhead). Another possible idea is 
to use relay-driven stepped resistive 
attenuators, although the physical 
size of such an assembly may make 
full implementation into an amplifier 
impractical. 

Paul may also be interested to 
know of some other programma- 
ble control systems used in some 
commercially available guitar high- 
voltage tube preamps. 

First, US-based Soldano created 
their X99 preamp utilising stepper 


The 16KB ROM and 2KB RAM of the 
18F4550 microcontroller would han- 
dle it with ease. The original program 
used 32-bit floating point numbers 
and this was entirely adequate; the 
imprecision in results was mainly 
in the outer planets due to ignoring 


motor-driven pots in the late 1980s 
and early 1990s. The system had one 
set of controls (gain/bass/mid/treble/ 
level) that could be manually rotated 
to their desired setting and their posi- 
tion stored into memory for instant 
recall. The pots themselves were 
dual-gang, one track controlling the 
audio path, the other track acting as 
the positional feedback to the CPU. 

The preamp itself could be recon- 
figured using optoisolators to add 
or remove triode stages and other 
frequency-shaping components (eg, 
cathode bypass capacitors), giving 
the preamp the ability to produce a 
variety of clean and distorted tones. 
The novelty of watching the knobs 
magically rotate to the appropriate 
positions as stored presets were re- 
called was not lost on many people. 

The gain and tone variables in 
Marshall’s JMP-1 preamp were 
controlled and stored digitally, the 
control elements themselves being 
digital resistor ICs (TC9176, TC9170). 
Marshall’s solution to the low volt- 
age tolerance of the digi-pot was 
to attenuate the signal between the 
tube output and the IC, performing 
the necessary “sound-shaping” at a 
lower level before passing the signal 
on to the next tube stage. 

ADA’s MP-1 MIDI tube preamp 
used a mixture of digi-pots (as for 
the JMP-1, above) and Mesa Boogie’s 
dual-element LDR (as in the Triaxis). 

Finally, American folk-rocker Neil 
Young had an amplifier controller 
made for him, affectionately known 
as “The Whizzer”. The device, fitted 
with a number of servo-motors, sat 
on top of his amplifier in concert and 
would physically rotate each knob to 
a predefined position in response to 
a remote foot-switch controller, giv- 
ing him the ability to quickly change 
sounds on his vintage single-channel 
amplifier on the fly. 

Andrew Curtis, 

Claremont, Tasmania. 


planetary interaction. For the inner 
planets, the results were accurate to 
a few seconds of arc. Unless the sun- 
rise/sunset calculations needed to be 
accurate to the second, it would not 
need anything more complex. 

I agree that modern programming is 
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geared more to results than efficiency and this is generally 
the best way to go. The planet program was written to be 
compact and would be quite difficult to follow without 
the accompanying documentation. 

Today it is easy to dismiss the 8-bit processor as being 
quite limited but this is a relative view. They are faster than 
the early mainframes that were the backbone of corporate 
computing in the 1960s. The first mainframe I worked on 
was an IBM 360-30 with some instruction times measured 
in hundreds of microseconds and memory access was two 
microseconds. It did accounting and payroll for a major 
company. The practical capacity of an 8-bit chip should 
not be underestimated. 

Alan Cashin, 

Islington, NSW. 


Deja vu with the 
Mains Moderator 

Your Mains Moderator project to tame mains voltage 
excursions and Bruce Bowman’s letter of woe from the ACT 
(SILICON CHIP, March 2011) gave me a sense of deja vu. I 
moved into the Ainslie area I believe Bruce is referring to 
some 30 years ago and about 25 years ago at the dawn of 
the PC era I was in a similar position to his. 

I ran a calibrated HP logging voltmeter that I had access 
to for about two weeks. The lowest voltage was over 240V 
and highest over 254V; high but just under the 256V upper 
limit allowed under the standards at that time and fatal 
to nominal 230V power supplies. Ainslie is a much older 
area of Canberra and 1930’s distribution capacity was 
stretched by customer demands of the 1980s and probably 
remains so to this day. 

The supply providers’ solution was to tap up residential 
supply voltages to reduce line losses without upgrading 
infrastructure and maintain the lower voltage limit at the 
end of distribution lines, exceeding their original distribu- 
tion capacity. As I recall, I was two or three poles from a 
transformer. This was a problem in winter when heating 
loads became evident. 

Supply authorities had a view that under-rated equip- 
ment was your problem. But that is what approval schemes 
were for, so how did approvals miss equipment failure at 
the upper end of supply voltage standards? My problem 
was the demise of two monitors with dead power supplies. 
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My solution was to built an almost identical device to 
that described in your article. The only circuit difference 
was the use of a 300V or 400V surge suppressor and no 
neon indicator. I used it to protect all of my computer equip- 
ment when $1000 got you aclone with a 20MB hard drive. 

As an aside, I recall some B&W Pye TV sets had provision 
for a line-dropping resistor (5W or 10W) to be installed 
between its power switch and transformer primary wind- 
ing for sets sold in WA, to reduce the local 260V mains 
supply to usable levels. 

Brendan Falvey, 

Gundaroo, NSW. sc 


Polyurethane and Epoxy Resins 
For encapsulating electronics, protection 
from harsh environments, security 
concealment and cable jointing. 
Available in resin packs & bulk. 
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The 2010 Cheistean earthquake: (Photo: http: Irebuildingcl hri iste hurch.wordpress.c EA hiii -christchurch/) 


as 


Do low frequency radio signal variations provide a clue to the onset 
of an earthquake? There are no ready answers but it’s tempting to 
investigate. This article gives some of the background and suggests 
how you can monitor low frequency radio signals using a simple 
preamp circuit feeding the sound-card input on your computer. 


Ithough seemingly a modern 
Aire earthquakes have 

always been a fact of life. Every 
year, several deadly 8-8.9, scores of 
7-7.9, hundreds of 6-6.9 and thou- 
sands of 5-5.9 magnitude quakes strike 
around the globe. 

The Richter scale is logarithmic, so 
a magnitude 7 quake has a shaking 
amplitude 10 times greater than a 6. 
Further damage and deaths often result 
from the quake’s aftermath. 

Most fatalities in the offshore Indian 
Ocean Boxing Day 2004 earthquake 
(magnitude 9.2) were not caused by the 
earthquake itself but were Tsunami- 
related. Deaths can run to hundreds 
of thousands but damage and casual- 
ties vary enormously, often relating 
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to population densities, building 
techniques, terrain and soils — or sheer 
luck and timing. 

In 2010 the devastating January 12th 
Haitian and Canterbury’s (NZ) early 
morning 4th September quakes were of 
similar (7.1) magnitude but casualties 
of some 250,000 in Haiti contrasted 
with none in Christchurch. 

However on February 22nd 2011, 
a close and shallow 6.3 “aftershock” 
struck Christchurch at lunch time, kill- 
ing hundreds and causing devastating 
damage. 


Precursors 

It’s only in recent times that it has 
been realised earthquakes arise from 
the earth’s tectonic plates pushing and 


sliding against each other. Although 
their cause may be now known, and 
seismic monitoring well established, a 
recent TV Horizon documentary titled 
“Why Can’t We Predict Earthquakes” 
(broadcast on SBS on January 24th 
2011), lamented that earthquake pre- 
diction remains agonisingly elusive. 

Folklore links likely earthquakes 
to birds showing strange behaviour, 
well levels suddenly changing, flashes 
in the night sky, rainbow clouds, 
lunar-induced seismic tides, sun- 
spots, ’earthquake weather”, gravity 
waves, radon gas seepage, the onset of 
headaches and even (predictably) con- 
spiracy theories and electro-magnetic 
weapons. 

The danger that false alarms, arising 
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This seismogram, recorded by the McQueen’s Valley seismograph on Banks Peninsula (courtesy www.geonet.org.nz), displays 
the September 4 magnitude 7.1 Christchurch earthquake and some of its early aftershocks. The seismogram is coloured red 

if it is clipped, ie, the largest parts of the signal are not shown. If this was not done, then a large earthquake would obscure 
much of the seismogram from view - so if the signal is red, the real size is larger than shown. Lots of aftershocks can be seen 
on this image, with some of the biggest ones appearing out of the coda (dying away of shaking) of the main shock. 


from such incorrect quake alerts, may 
eventually desensitise people has to be 
considered as well. 

Studies have shown the pre-earth- 
quake wandering of domestic animals, 
often dismissed as an urban myth, may 
indeed be a valid indicator. A recent 
Italian project showed striking toad 
breeding behavioural changes in the 
days before their (6.3) L'Aquila event 
of 6th April 2009. (At last — a possible 
use for cane toads?) 


What about radio signals? 
Radio propagation has long been 
related to solar activity and atmos- 
pherics, with the earth’s charged iono- 
sphere an especially significant factor. 
In 1989 however, submarine com- 


siliconchip.com.au 


munication monitoring first 
indicated seismic contribu- 
tions as well, as significant 
signal surges were noted 
prior to California’s October 
17th Loma Prieta earth- 
quake that year. 

More recently, the French 
DEMETER (Detection of 
Electro-Magnetic Emis- 
sions Transmitted from 
Earthquake Regions) micro- 
satellite (shown at right) 
detected ionospheric per- 
turbations while passing 
over the September 29, 2009 
Samoan and the January 12, 
2010 Haitian earthquakes. 

DEMETER findings in- 
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Fig.1 (above): the initial P-wave 
shock, akin to a longitudinal impulse 
along a slinky spring, travels at some 
8 km/second but the more destructive 
sideways S-waves travel at only half 
this speed. 


Fig.2 (below): this sample seismogram 
reveals a ~38 second delay between 
them (relating to quite a distant 
earthquake) — perhaps just enough 
time to scramble to safety? 


eismogram 
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arrival time arrival time 


ives 


Amplitude 


0 10 20 30 40 50 60 70 80 90 
Time - seconds 


dicate that shallow earthquakes, of 
magnitude 4.8 and larger occuring at 
night, show an associated decrease in 
natural EM radiation at around 3kHz. 
No changes were observed for deep 
quakes or for those that occur in the 
daytime. 

Although the disturbances were 
extremely small and only revealed sta- 
tistically, this study demonstrated that 
seismic activity may also influence the 
ionosphere, with the effect perceptible 
at even the Low Earth Orbital (LEO) 
satellite altitude of some 700km before 
some earthquakes occur. 


P-wave earthquake alerts 

Aside from EM alert possibilities, 
it’s actually already feasible to have 
very short advance warning of an 
earthquake by detecting the initial 
non-destructive P-wave (P = primary, 
push or pressure) compressions. 

These initial seismic waves travel 
more quickly through the Earth’s crust 
than the destructive “S” (secondary, 
shear or shake) transverse waves and 
subsequent rolling Rayleigh surface 
waves. 

P-waves, which are typically felt 
by humans as a bang or thump, travel 
at some 8km a second in dense earth 
(about twice the speed of S-waves), so 
advance warnings of perhaps seconds 
(for local rumbles) or up to about 
a minute (for deep or more distant 
quakes) may be possible. 

The effect is rather akin to seeing a 
lightning flash and hearing thunder 
some time later. 

A smoke alarm-sized P-wave seis- 
mic alert device already is widely 
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Spectran displays of useful VLF signals — at left is the 15.62 


marketed, especially in California (see 
). 

As radio waves travel near instantly, 
it may be feasible to use such a device 
to “beat the P-wave” and radio ahead 
an alert by cell phone. 

Although time would be very pre- 
cious indeed, even a few seconds 
warning may be enough to “Drop, 
Cover and Hold On”. 

Chile, which is on the Pacific’s Ring 
Of Fire, experienced a catastrophic 
8.8 quake on 27th February 2010 and 
is considering such a country-wide 
alert system. 

The effectiveness of a prediction 
device relates to reliable P-wave detec- 
tion, an acceptance that false alarms 
(arising from normal local ground 
vibrations) may occur and sufficient 
time to react. An alert of minutes 
would be much more valuable (even if 
less reliable), which is where very low 
frequency radio monitoring may assist. 


Natural radio and earthquakes 


The electromagnetic spectrum is full 
of transient natural RF signals, many 
arising from the sun’s activity. 

The scientific jury remains out on 
just which, if any, are most related to 
earthquakes. 

The basis for the possible con- 
nection plausibly relates to stressed 
sub-surface rock layers generating 
voltages and signals in the manner of 
piezo crystals. 

Numerous accounts regarding the 
monitoring of different frequencies for 
broadband noise and static changes 
have been made, especially in such 
seismic regions as Italy — see 
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5kHz horizontal scan of a colour TV while at right is the 
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received signal from the Harold E Holt North West Cape (NWC) submarine communications station at Exmouth, WA. The 
latter is so powerful that it can usually be received throughout Australia even without a FET preamp! 
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Fig.3: the circuit 
of a wideband 
preamplifier 
suitable for use 
with a PC sound 
card. Because 

the frequencies 

of interest are so 
low, virtually any 
antenna you can 
put on this will 
theoretically be 
too short — so just 
use what you can! 
A good earth would 
also help greatly. 
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+9V SUPPLY 
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hazards-earth-syst-sci.net/1/99/2001/ 
nhess-1-99-2001.pdf 

A review of the literature indicates 
that the most promising approaches for 
earthquake precursors may be: 
(1). Sub-Hertz and ELF magnetic 
transients in the .01 to 10Hz region, 
especially around 3Hz; 
(2). VLF electromagnetic transients 


ITU Abbrev. | 
Sub-Hz 
ELF 

SLF 

ULF 

VLF 

LF 

MF 

AHE 


Designation 


Sub Hertz 
Extremely Low Frequency 
Super Low Frequency 
Ultra Low Frequency 
Very Low Frequency 
Low Frequency 
| Medium Frequency 

| High Frequency 
VHF | Very High Frequency 
UHF | Ultra High frequency 
SHF | Super High Frequency 
EHF | Extremely High Frequency 


The electromagnetic spectrum from "DC to Daylight" (well, almost). The bands/frequencies above 300kHz are`pretty much 


Fig.4: a suitable 
breadboard 
layout for the 
above preamp, 
drawn using 
"PEBBLE" (see 
SILICON CHIP, 
September 2009). 


around 10kHz; 
(3). VLF-LF broadband noise meas- 
urements in the 10 to 100kHz band; 
(4). LF-MF noise and propagation in 
the 150kHz to 2000kHz region; and 
(5). HF noise and propagation studies 
over 2MHz. 

For our purposes, monitoring the 
bands between 10kHz and 100kHz 


Frequency 

<3Hz 

3Hz - 30Hz 

30Hz - 300Hz 

300Hz - 3kHz 

3kHz - 30kHz 

30kHz - 300kHz 

300kHz - 3000kHz 
| 3MHz - 30MHz 

30MHz - 300MHz 

300MHz - 3000MHz 

3GHz - 30GHz 

30GHz - 300GHz 


Wavelength 


>100,000km 
100,000km to 10,000km 
10,000km to 1,000km 
1,000km to 100km 
100km to 10km 
10km to 1km 
{1km to 100m 
100m to 10m 
10m to 1m 
1m to 10cm 
10cm to 1cm 

1cm to 1mm 


understood but it's those below — and far below — which we are interested in here. 
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About this feature: 


New Zealander Stan Swan is no 
stranger to SILICON CHIP readers, hav- 
ing written numerous articles over the 
years and is credited with introducing 
Australian and New Zealand readers to 
the PICAXE microcontroller. 

Although nota resident of Christch- 
urch and therefore not directly af- 
fected, Stan contacted us not long 
after the September 2010 earthquake 
talking about some of the work he 
was doing in ultra-low-frequency radio 
earthquake “detection”. 

This article is the result, written and 
in fact in production as the news came 
through about the February 21 shake. 

And as we were about to go to 
press, on March 2 came the news 
that New Zealand had suffered yet 
another earthquake, fortunately (at 4.5) 
significantly lower in magnitude than 
Christchurch but this time located near 
the NZ capital city, Wellington — just 
across the harbour from Stan’s home 
in Eastbourne! 

Incidentally, in 1848 and 1855, Wel- 
lington suffered magnitude 7.1 and 8.0 
earthquakes, the latter the largest ever 
recorded in New Zealand and causing 
considerable damage. 


are the most practical and initial in- 
vestigation requires little more than 
a Windows PC with a working sound 
card — even an old clunker XP laptop 
with a 16-bit 48kHz sampling-rate 
soundcard will do nicely. 

But hang on — sound cards hearing 
radio? Yes — quite correct! Low Radio 
Frequencies (RF) produce a small 
signal that a sound card treats just 
like an equivalent audio signal from 
a microphone. And although sound 


Typical EM signals 


Natural earth, ionosphere, space 
Deeply submerged submarines 

Sub. communication, mains grids 
Earth mode comms. — mine radio 
Near-surface sub. & cave radio. 
Long Wave radio, aircraft beacons 
Medium Wave AM broadcasting 
Short Wave radio, maritime, amateur 
FM radio, TV, aircraft & marine 

TV, cell phones, 2-way, WiFi, GPS 
Radar, satellite TV, microwave comms. 
Radio astronomy, microwave links 
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The Richter magnitude scale, also known as the local magnitude 
(ML) scale, assigns a single number to quantify the amount of 
seismic energy released by an earthquake. 

It is a base-10 logarithmic scale obtained by calculating the 
logarithm of the combined horizontal amplitude (shaking ampli- 
tude) of the largest displacement from zero ona particular type of 
-seismometer (Wood-Anderson torsion). 

So, for example, an earthquake that measures 5.0 on the Rich- 
ter scale has a shaking amplitude 10 times larger than one that 
measures 4.0. The effective upper limit of measurement for local 
magnitude ML is just below 9 for local magnitudes and just below 
10 for moment magnitude when applied to large earthquakes. 

The Richter scale has been superseded by the moment magni- 
tude scale, which is calibrated to give generally similar values for 
medium-sized earthquakes (magnitudes between 3 and 7). 


Description Earthquake effects 


The Richter Scale: not any more, it’s now the Moment Magnitude Scale 


Unlike the Richter scale, the moment magnitude scale reports a 
fundamental property of the earthquake derived from instrument 
data, rather than reporting instrument data which is not always 
comparable across earthquakes, and does not saturate in the 
high-magnitude range. 

Since the Moment Magnitude scale generally yields very similar 
results to the Richter scale, magnitudes of earthquakes reported 
in the mass media are usually reported without indicating which 
scale is being used. 

The energy release of an earthquake, which closely correlates 

to its destructive power, scales with the 1.5 power of the shaking 
amplitude. Thus, a difference in magnitude of 1.0 is equivalent to 
a factor of 31.6 ( = (101-0)(1-5)) in the energy released; a difference 
in magnitude of 2.0 is equivalent to a factor of 1000 ( = (102-)(1-5)) 
in the energy released. 


Frequency 


of occurrence 


Micro 


Micro earthquakes, not felt. 


About 8000 per day 


Minor 


Generally not felt, but recorded. 


About 1000 per day 


Minor 


Often felt, but rarely causes damage. 


49,000 per year (est.) 


Light 


Noticeable shaking of indoor items, rattling noises. 
Significant damage unlikely. 


6200 per year (est.) 


Moderate 


Can cause major damage to poorly constructed buildings over 
small regions. At most slight damage to well-designed buildings. 


800 per year 


Strong 


Can be destructive in areas up to about 160km (100 miles) 
across in populated areas. 


120 per year 


Can cause serious damage over larger areas. 


18 per year 


Can cause serious damage in areas several hundred miles across. 


1 per year 


Devastating in areas several thousand miles across. 


1 per 20 years 


cards typically only handle signals up 
to around 24kHz this is quite adequate 
for this purpose. 

Just to clear up a confusion which 
often occurs: why can't you hear low- 
frequency radio signals? 

Even though they may be in the au- 
dio frequency range, you can not hear 
low-frequency radio waves as they're 
an electrical rather than acoustic 
phenomena. Your ears cannot "detect" 
radio signals. 


Software 


Many specialised and complicated 
panoramic display sound card Win- 
dows programs are freely available, 
but it’s recommended you start with 
simple ones to get a feel for things. 
The tiny SAQrx (https://sites.google. 
com/site/sm6lkm/saqrx) should cope 
well, although Spectran (www.weak- 
signals.com) is better suited for more 
demanding work. 
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Never recorded in human history. 
Courtesy Wikipedia — hitp://en.wikipedia.org/wiki/Richter_magnitude_ scale 


Extremely rare (unknown 


Once installed, verify operation by 
whistling into the computer’s mike 
to observe the resulting spectrogram. 
A valuable waterfall display option 
(plotting frequency versus time) is 
included in Spectran — it can be set 
to scroll sideways with a left mouse 
button click. 

This waterfall can be a visual gold- 
mine when following transient signals, 
as they remain on screen long after 
they’ve ceased. It can be fascinating 
to “see” the spectrum of such every- 
day sounds as music, speech and bird 
calls! 

An averaging option allows masking 
out of random noise to better show 
weak transmissions, and recordings 
can be saved to hard disk. More pro- 
fessional soundcard display offerings, 
especially the Spectrum Lab (http:// 
dl4yhf.ss17.com/spectra1.html), may 
suit once you are familiar with the 
panoramic technology. 


Apart from the PC, the only other 
hardware required to initially “hear” 
the nearby EM spectrum is a suitable 
3.5mm phone plug (usually mono) and 
a short length of wire! Wavelengths 
at VLF are so long almost any handy 
length of insulated wire will do. Run 
the wire vertically if possible, and 
ensure it doesn’t snag or short to any- 
thing lively or your computer sound 
card may be damaged. 

Wind it in during any likely thun- 
derstorms as well, as it could present 
a hazard to you and your computer. 


Performance 

In a typical built-up area mains 
noises (50Hz and harmonics) will 
promptly show themselves to indicate 
“receiver” operation but a more useful 
beacon can be the 15.625kHz horizon- 
tal scan oscillator of a PAL colour CRT 
TV set. This can usually be detected 
from many metres away. Assorted spu- 
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rious signals may also be seen arising 
from normal PC operation. Removing 
the sound card input plug will verify 
the true nature of such “ghosts”. 

My urban location here in remote 
NZ meant other VLF transmissions 
were initially only weakly detected, 
although these were revealed better in 
quieter areas using a battery powered 
laptop and long wire antenna posi- 
tioned well away from mains wiring. 

Readers living closer to powerful 
VLF submarine stations may find even 
a short hookup wire antenna will do! 


Other low frequency “noise” 


Aside from man-made noise, VLF 
reception may be further complicated 
by day/night variations and extensive 
tropical storms. 

Across the globe, lightning strikes 
almost continually (refer the World 
Wide Lightning Locator Network at 
http://webflash.ess.washington.edu) 
and it’s long been known that the 
violent electrical discharge may also 
even propagate upwards from storm 
clouds and influence the ionosphere. 

So-called “Schumann resonances” 
may then arise, caused by a lightning- 
excited approximate 8Hz resonance 
in the waveguide cavity formed by 
the earth’s surface and the ionosphere. 

The bouncing EM pulses associ- 
ated with such powerful lightning 
pulses and the resulting atmospherics 
(“spherics”) may propagate globally 
on low RF frequencies, to be heard 
as static crashes and even gliding fre- 
quency whistles and chirps. 

An auroral display may also produce 
such effects — listening to such atmos- 
pheric music can be part of the fun! 


Enhancement 


Given the very low frequency nature 
of the signals almost any simple pre- 
amplifier may be used to boost the 
input to the sound card. 

A complete receiver (such as the 
well known BBB-4 — www.auroral- 
chorus.com/bbb4rx3.htm) could even 
be constructed for standalone listening 
but this would lack the panoramic 
display and recording features that PC 
monitoring allows. 

As broad-band low frequency boost- 
ing is needed, tuned circuits are not 
utilised, although a suitable low pass 
filter may be needed to block any 
nearby powerful AM radio stations. 

After considering various low-noise 
opamps, a simple general-purpose 
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A typical published account 


Title: Geomagnetic precursors of intensive earthquakes in the 
0.02 to 1Hz frequency range of geomagnetic pulsations — abstract only. 
Corporate Source: Joint Publications Research Service, Arlington, VA. 


During intensive geo-tectonic processes such as earthquakes, pulsations 
are observed in the geomagnetic field at a frequency of 0.02 to 1Hz with 
anomalously high amplitudes. These pulsations usually appear as beat 
phenomena lasting from several minutes to several hours. It has been 
found that the pulsations are excited only in magnetic components of 

the terrestrial electromagnetic field. The periods and amplitudes of the 
pulsations are nonlinearly related to the intensity of the earthquakes. 
Pulsations of this type are not observed when earthquakes do not occur. 
Additional analysis shows that frequently the pulsations precede intensive 
earthquakes by 10 to 200 minutes, then drop for about 1 hour, then appear 
once again during the actual earthquake. Oscillograms of such pulsations 
are presented. The periods and amplitudes of the geomagnetic pulsations 
preceding earthquakes are found to be linearly related to the magnitude of 
the earthquakes. A regression equation relating earthquake magnitude to 
pulsation characteristics is presented. 


Author: GOGATISHVILI, Y. M. CASI Accession No. 85N23178. Published: 


February 1985 


MPF102 N-channel J-FET was even- 
tually used — see Fig.3. Layout and 
component values are not critical. 

This setup, powered by a 9V bat- 
tery performed very well, revealing 
signals that were previously buried 
in the noise. 

The two back-to-back 3.3V zener 
diodes ensure any larger voltages on 
the antenna will be shorted to earth. 
The circuit draws around 4mA and 
can be easily assembled and enclosed 
in a small metal case to give shield- 
ing. Leads to the sound card should 
be shielded to reduce mains pick-up. 


Suggested monitoring 
approach 

Launching VLF monitoring satel- 
lites or erecting gigantic antenna 
farms, such as the military use, is 
naturally a tad daunting. 

Powerful VLF submarine commu- 
nication transmitters conveniently 
already blanket the world so it’s sug- 
gested that initial monitoring merely 
follows the approach of simply check- 
ing their VLF signal strengths over an 
extended period. 

However, sudden variations may 
well arise due to solar storms (see 
Www.swpc.noaa.gov) or the VLF site’s 
transmitting activity. Northwest Cape 
wasn’t set up just for your listening 
pleasure! 

Once the sound card-based equip- 
ment is organised at your location, 
use a Stable set up and antenna so any 


(referenced at www.manuka.orcon.net.nz/eradio.htm) 


on-screen changes will be noticeable. 

To help gain initial experience 
perhaps refer to your displays (and 
recordings?) when an earthquake has 
occurred somewhere, to see if unusual 
VLF activity was associated with trans- 
mitters near it. 

Details of the world’s latest earth- 
quakes are soberingly shown at http:// 
earthquake.usgs.gov/earthquakes/ 
recentegsww/ 


Conclusion 


Don’t expect instant answers in 
the VLF monitoring quest, as display 
checking may be akin to watching 
paint dry. 

Opinions may differ and findings 
are uncertain but seismic scientists 
worldwide earnestly scrutinise such 
displays in attempts to see if seismic 
and low-frequency radio signals act as 
possible earthquake precursors. 

It may well be a false quest, with 
no more pre rumble significance than 
the birds going quiet, your dog hid- 
ing under the bed — or the cane toads 
pausing their advances. 

But there just may be something in 
it — and your simple setup could help 
provide a valuable key or stimulate 
further investigations! 


References, extensions, published 
scientific studies and quoted web sites 
are conveniently linked via a resource 
site at www.manuka.orcon.net.nz/ 
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Dick Smith Adjustable 

Temperature Soldering Station 

Great for making speaker, TV, and AV connections around 
the home. This mains-powered soldering station features a 
lightweight handle, 45W power, 250°C to 450°C temp range, 
1.6mm soldering tip and cleaning sponge. Not carried in all 
stores, but can be ordered in. 11976 


CLEARANCE 
LIMITED STOCK 


Weller 


200g Butane Gas 

Highly filtered butane gas to power up your 
blowtorches and soldering irons. Supplied 
with a gas refill nozzle. Not carried in all 
stores, but can be ordered in. N1092 


$6? 


OC POWER SUPPLY 
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Dick Smith Lab Power Supply 0-30V DC 5.0A 
Regulated linear DC power supply, 0-30V adjustable output with 
current up to 5A continuous at all selectable output voltages. 
Adjustable current limit control (0-5A), high and low current 
front panel terminals, solidly built case, thermostat-controlled 
internal cooling fan and overload protection. Not carried in all 
stores, but can be ordered in. 01760 


CLEARANCE 


LIMITED STOCK 


19” 


PRO-50K Butane 
Solderpro Kit 


Cordless, quick ignition, butane-powered soldering iron kit, 


Dick Smith 8W Battery Powered Soldering Iron 

Operates on 3 x AA alkaline batteries (not included) for up to 40 minutes. 
Combined heater element and tip for greater reliability and faster heat- 
up. Not carried in all stores, but can be ordered in. 12502 


includes 1mm soldering tip, hot knife, heat blower and blowtorch 
tips plus solder and a tip cleaning sponge. Inc. handy carry case. 
Not carried in all stores, but can be ordered in. 11103 


CO Contact Cleaner 
Precision low-toxicity 
cleaning solvent that's 
harmless to most 
plastics. Evaporates 
rapidly and completely. 
350g spray can. Highly 
flammable. Not carried 
in all stores, but can be 
ordered in. N1072 
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Dick Smith Anti- 
Static Wet Wipes 


a DIC MITH 2 100 anti-static C0 
ANTI STATIC Meded CONTACT 
CLEANER 


WET WIPES cleaning computers, 
a 
è : PRECISION ELECTRONIC 


Plasma TVs, LCD 

TVs, CDs, DVDs, 

photocopiers and flat “eee 
bed scanners. N1242 


$ 6” 


s1” 


Dick Smith Desoldering Braid 

Place this braid over a solder joint and apply your 

soldering iron to efficiently remove the solder SELAT nen TOWELETTES pa 
tube. Perfect for the hobbyist, handyman and from the joint by capillary action. 2.5mm wide henaa BE, 
serviceman. 17grams. Not carried in all stores. x 1.5m reel. Clearance line, not carried in all 

N1637 stores. N2814 


Dick Smith Solder Hobby Tube 
General-purpose electronics grade 1.0mm 
60/40 (tin/lead) solder in a handy dispenser 


SOFT LINT FREE TOWEL! 


for your nearest Dick Smith store? 


smith.com.au! 


Looking 


Head to di 


e Technology Destination 
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Dick Smith Large Aluminium Framed Tool Case 
Includes removable tool holder, 5 padded internal dividers, 
lockable latches with 2 keys, plus a strong carry handle. Approx. 
456 x 326 x 148mm. Tools/accessories pictured not included. 
Not carried at all stores but can be ordered in. 14856 
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Dick Smith 30-Piece Mini Bit Set with Handle 
High-quality, 4mm mini-bits made from super-hard $2 grade 
steel alloy, includes extension shaft and quality handle with metal 
threaded tightening section. Covers a range of Flat blade, Philips 
head, Torx and Hex styles. Not carried in all stores, but can be 
ordered in. 16337 


SUPER CLEARANCE DEAL 
LIMITED STORE STOCK ONLY ~ 


Dick Smith 18V Dual Speed 

Rechargeable Cordless Drill 

Powerful cordless drill with a dual speed gearbox, electronic 
speed control with brake, 1hr mains-powered fast charger, 
18V NiCd battery pack with LED battery level indicator, 

25 torque settings plus strong carry case. Limited store 
stock only, no web or mail orders available. 14869 


39” 


 Btecrrowe 
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Dick Smith Stainless Steel Digital Calipers 


19 Range Digital Multimeter 

Handy test gear for making basic measurements in the car, boat 

or home. LCD screen, 10A max DC current, 2000 count operation, 
10MOhm DC input impedance. Includes test leads, fitted battery and 
user manual. Not carried at all stores, but can be ordered in. 1467P 


LIMITED 


Dick Smith 6-Piece Screwdriver Set 
Contains 1 x #2x100mm Phillips, 1 x #1x75mm 
Phillips, 1x #0x75mm Phillips, 1 x #3.2x75mm 
Flathead, 1x #5x75mm Flathead, and 1 x #6x100mm 
Flathead. Strong chrome vanadium steel tips. 

Not carried in all stores. 16321 


Dick Smith Lug Crimping Tool 
Dick Smith 20m Waterproof Gaffer Tape 
All purpose waterproof 48mm x 20m black adhesive 
tape. Secures wires, cables, sound and lighting 
equipment. N1395 


and jaws, coated handles and a cable 


Offers start 28/03/11 and end 30/04/11 or while stocks last. All offers are for retail store 
stock only, with strictly limited stock available. Some items may not be available for mail 
orders, stock movements between stores and back orders. No rainchecks. No layby. Enthusiast 
electronic items are not available in all stores. Offers may not be available in some reseller or 


A handy crimping tool when you're working with 
non-insulated terminals. Has a strong metal frame 


Quality stainless steel digital calipers with a 4-digit LCD screen, 
internal & external measuring jaw, depth measuring blade, mm or 
inch display, and zero setting. Supplied in a lined carry case with a 
battery & detailed instructions. Not carried in all stores but can be 
ordered in. 01382 


CLEARANCE 


STOCK 


12” 


Dick Smith Rotary Coax Cable Stripper 
Strips both the outer jacket and inner coax 
insulation off in one easy operation. Suits 
RG-58/59/62 and RG-6 coax. Comes with an 
Allen key for blade cutting depth adjustment. 
Not carried in all stores, but can be ordered in. 


$ 6” 


cutter. Suit 


10-28AWG wire. Not carried in all stores. 13528 13640 


franchise stores. Please contact your local store to determine availability. 


Talk to the Techxperts 


eti ELECTRONICS 


40 years ago this month, a brash new electronics 
magazine burst onto the scene in Australia: Electronics 
Today - later called Electronics Today International 

or simply ETI. It really caused a stir and provided 

stiff competition to the long-established “bible”, 
Electronics Australia. ` 

Here is the story of how it began, 
as fold by ETI’s founding editor, 
Collyn Rivers. 


newspaper back(asindeedhad|). He for- Smm - : A) 
adverts, for months, sought some- tunately shared my view that a FLECTANR 

one ‘experienced in public relations while technically excellent, $ CARS: How $00 
and with a sound practical and theo- it read like Edwardian edi- 
retical understanding of electronics’. tions of Ecclesiastic Monthly i 

| ignored it for a time, as that's like (even reviewing religious 
seeking a priest with a plumber’s license gramophone records). 
(also because l'd sooner be in jail than In essence it was in- bs 
work in PR) but | eventually advised | structive — but boring as 
could write reasonably well and 
knew a fair bit about electron- 


ios lako okod what ihe fob | ELECTRONICS 
Australia 


Li 
Pally 


F o SSSA ipn ERTE 


really was. 

One interviewer, Colin Ryrie, 
was clearly a businessman, | $ ADDED REALISM FOR MODEL TRAINS 
another was Colin's son and Sr eee eee 
then a young schoolboy — Kim 
Ryrie — electronics enthusiast 
and later of Fairlight Synthesiser 
fame. 

| worked out fast that a kid 
in short pants had to be there 
for a very good reason — so 
attended mostly to him. 

Kim asked what | thought of 
Electronics Australia, revealing 
that he had read it from way 


ET Vol.1, No.1 — deliberately 
released on April Fool’s Day, 1971. It had a 

bright, fresh approach — just compare it to the venerable 
April 1971 issue of “Electronics Australia” at left! 
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sorting batshit. It seemed as if an ultra- 
conservative staff were unaware (or did 
not care) that most of its readers were 
] 2-25 year-old dudes. 

| was asked if | could produce some- 
thing more readable. And if so just why 
| thought | could. 


My background 

My background is a bit unusual. | left 
school (and also most else) of my own 
choosing when | was 10 and never went 
back to any part of it. 

| vaguely coped until 13 or so and 
then spent my days building bicycle 
| wheels rather better than most during 
the day, and reading anything | could 
get hold of at night. 

Existing as | did, in WW2 London, there 
was also the inconvenience of things 
that went bang being tossed down from 
above. But | more or less coped. And 
had read my way through most of the 
major classics by 16. 

At 17, | joined the RAF and to my 
genuine surprise was immediately 
picked and packed off to learn (ground) 
radar technology. 

By the age of 19 | was one of only 
some twelve or so RAF staff running the 
UK's Gee (radar based) military and 
civilian air navigation system. 

After that | did development work on 
guided missiles — until it sunk home that 
the bit up front went bang (and I'd had 
enough of that as a kid) - and moved 
to Vauxhall/Bedford’s then research 


About the Author 


ise and Fall of 
TODAY | 


There was great rivalry between the two magazines — the newcomer, Electronics 
Today and Electronics Australia (which had been publishing in various formats 
since 1922). “Sherlock” Rivers and “Holmes” Willams (then publisher and editor 
respectively) were immortalised in this cartoon by then EA artist Gary Lightfoot. 


laboratory. From there | engineered 
myself into driving a big 4WD Bedford 
twice the length and breadth of Africa 
(studying road surface conditions). 
Great fun mostly — except persuad- 
ing the French to let me drive (twice) 
through their bloody war in Algeria. 


| eventually found my way to Australia 
— and that interview. 


No experience, got the job! 
What | basically said was that | had 

never edited anything before in my 

life but probably knew enough about 


Collyn is a primarily self-educated research engineer (following 
a spell as a ground radar engineer in the RAF, he worked with de 
Havilland Propellors on early guided missile power supplies, and 
then with Vauxhall/Bedford Research in the UK). 

In 1970 he switched careers fo become a technical writer and 
publisher. Following the ETI days he subsequently founded Vernon 


siliconchip.com.au 


Rivers & Associates, undertaking specialised projects for companies 
including IBM, Wand, Hewlett Packard etc. 

From 1982-1990 he was technology editor of The Bulletin and 
Australian Business, and later founded Caravan & Motorhome 
Books (www.caravanandmotorhomebooks.com) some of whose 
products are stocked and sold by SILICON CHIP 


APRIL 2011 23 


electronics, and that! was intrigued but 
frankly more interested (and still am) in 
literature. 

| stressed however, as the RAF se- 
lection process had revealed, that | 
thought conceptually. Also that | cared 
not a jot about how almost anything 
‘was meant to be done’, 

In essence | was mad enough to do 
what Kim had in mind, and marginally 
sane enough to make it work. And that 
| sought almost total freedom on how | 
did it. In retrospect it was a sort of Goon 
Show meets Electronics 101. 

Astonishingly, they said ‘Fine’ - even 
to my wanting to start it also in Britain 
a year later — which is why initial issues 
were Electronics Today, but my concept 
was Electronics Today International from 
the start. 

Ex-NASA tracking station engineer 
Brian Chapman was assistant editor, 
and ex-Natronics’ Barry Wilkinson de- 
signed and developed the essential 
constructional projects. Doing our Own 
typesetting was initially union-blocked 
but fixed by my seeking a 40-page 
Fourier transform to be typeset overnight 
— error-free. 


April Fool’s Day, 1971 


The first issue was published deliber- 
ately on Ist April 1971. The initial sales 
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Distortion in amplifiers 
might be a hard concept 
to get across... but not 
for ETI. The front cover 
of the December 1975 
simply distorted the 
amplifier itself! 


(about 35,000) were way 
behind EA but advertising 
poured in. 

The UK issue did not work 
well initially, but | sent Brian 
over there to seek a new 
editor and publisher — 

Halvor Moorshead, who 

insisted (in retrospect 

correctly), that it had 

substantial local content. 

A French edition failed 

— following editorial re- 

lations becoming so 

toxic that | told them to 

%@&~* S$#-well run it 

: themselves — and set 

eae up in Germany and 
Holland instead. 

Meanwhile | founded Sonics (primarily 

electronics/music), CB Australia, Hi-Fi 


Review plus a few more. In 1976 the 
Australian edition of ETI (to our delight 
and total surprise) was acclaimed ‘the 
best electronics magazine in the world’ 
(by the Union Presse Radio Electronique 
Internationale). 

There was also a Canadian edition 
and an Indonesian language edition a 
year later. And also an (initially pirated) 
Indian edition that | agreed ‘not to know 
about’ as they needed the magazine 
but had Buckley's chance of paying 
for it back then. 


Working hours? What were 
they? 

By 1975 we had our own self- 
contained premises in Rushcutters Bay 
and | was told to ‘run it as you like’. | 
took this possibly further than the MD 
had in mind and, with a mixture of staff 
agreement/trepidation, abandoned all 
formal working hours. | enabled each 
of the (by then) seven local publica- 
tions to work in whatever way seemed 
best for them, Which for one magazine 
consisted of 72-hour virtually non-stop 
days and nights. | preferred not to ask 
how they stayed awake, 


Collyn Rivers and Neville Williams regularly came across each other at press 
functions, product launches, etc. The significance of this picture from the 1970s 
is that Collyn got the girl while Neville nursed his orange juice. The other 
person in this photo is well-known hifi writer Dennis Lingane. 
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Atone time | found they had secreted 
the then out-of-funds Radio Birdman’s 
drummer Ron Keely on the floor above 
- so | made him a music editor. 

| instituted a routine Friday evening 
party -for all staff and ‘selected’ industry 
contacts. Part owner Kerry Packer paid 
for it all but | do not think he knew that; 
we somehow forgot to tell him. 

A staff artist had two huge Irish wolf- 
hounds that slept all day across the 
main entry. One day Packer arrived on 
one of his ultra rare visits — and fell over 
them. Both Kerry Packer and the hounds 
vented their respective wrath, with Kerry 
storming off in a steaming rage. But a 
few hours later an ACP courier arrived 
with two huge cartons of dog food. 

| employed many senior female 
editorial and technical staff - mostly at 
editor and assistant editor level; simply 
because I'd found they were often bet- 
ter at doing the job — and | had long 
insisted on equal pay for equal work. 
Several were ex NASA. 

We (in Australia) offen covered con- 
troversial issues. | whistle-blew what 
North West Cape was really about (ie, 
an ultra low frequency system for com- 
municating with submerged nuclear 
submarines). The article even included 
a pic of one - complete with a launch- 
ing missile. It was classified material in 
Australia back then — but all we needed 
was there for the asking in 
the USA. We just wrote and 
asked for it! 

That article resulted in 
a visit from two overly 
neat Americans claim- 
ing to ‘ensure truth in 
journalism’ but when 
asked admitted they 
were CIA. 

They seemed not 
overly bright as they 
demanded the name 


This cover, from 
February 1975, 
came about as a 
result of a bet... 
that Collyn Rivers 
couldn’t get The QUA D 
Pope onto a cover 
of ETI. The bet 
didn’t specify 
which pope... so 
Gregory got the 
gong and Collyn 
pocketed the 
ten bucks! 
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of the author which was on the article 
anyway! He was a well known New 
Zealand academic — and even more 
improbably right wing than they. 

Les Bell, originally with ETI in the UK and 
then Canada, introduced ‘synergistic 
beer drinking’ sessions — where readers 
were invited to share a schooner or 
three with the staff. This provided quite 
invaluable feedback — as long as Les 
and Roger Harrison remembered to 
write it all down sufficiently early in the 
evening. 

I'm not sure what EA thought about 
all of this (maybe Leo will reveal all) but 
there was an immense difference in our 
respective cultures; we invited them 
across once, and my lot were virtually 
dumbstruck when they arrived — all in 
white jackets, shorts and long white 
socks — whilst our lot were in jeans. 

Some of the more feisty female staff 
had for a week or two been engaged 
on seeing who could wear the least at 
work without getting fired (as if | would!) 
— but not on that day — we did not wish 
to freak the EA crew altogether. Oddly 
enough | got on well with EA's then editor 
— the late Neville Williams — but suspect 
he prayed at night for my soul. 

Some staff were tossed by my virtual 
lack of rules - except getting a really 
good paper out on time but despite 
what must have seemed chaotic 
(and sometimes was) those for whom 


IMAGE INT ENSIFIERS 


Remember these? 


Some ETI projects were real ground- 
breakers; others memorable for perhaps 
not-so-kind reasons! 


The ETI-480 50/100W amp module 
produced by Barry Wilkinson; it was 
in the kit catalogs for at least 20 years. 
The ETI-466 300W amp module pro- 
duced by Barry Wilkinson. Believed 
to be the first of its kind worldwide. 
Pipped EA at the post. | think this was 
the one for which Maree Breen bent up 
aluminium sheets for the heatsink and 
sprayed them different colours. 
The low-TID 60W amp module ETI-470 
This module was the foundation of the 
Series 4000 stereo amp produced by 
Phil Waite. 
The Series 5000 stereo components 
(ETI-477 power amp and ETI-478 
preamp) by David Tilbrook. 
The ETI-488 60W amp module featur- 
ing two nested differential feedback 
loops, designed by Prof. Cherry from 
Melbourne. 
The Series 4000 4-way and 3-way 
speakers based in Philips drivers, by 
David Tilbrook. 

e The various ETI Synthesiser modules 


Apart from those perennials, the following 
projects created a bit of a stir: 


ETI-595 aquarium light timer (and 
plant growth lamp timer . . . he, he). A 
Jonathan Scott project. 

ETI-644 direct-dial modem (featured 
on the front cover with a red dial-type 
phone). A total breach of the Telecom- 
munications Act at the time (and con- 
sequently a breach of the Crimes Act). 
It started something. Basic design from 
the same guy who did the synthesiser. 
ETI-1500 Discriminating Metal De- 
tector. Could genuinely discriminate 
between gold, copper and ferrous met- 
als (in the right hands). Design from 
the UK, developed here by Phil Waite. 


Then there were the “no use to man or 
beast” projects, such as: 


ETI-1501 experimental negative ion 
generator. 

ETI-576 electromyogram (. . . pro- 
moted as useful for biofeedback. . .). 
ETI-1545 Galvanic Skin Response 
biofeedback meter. 

ETI-587 UFO detector (.. . “absence of 
evidence is not evidence of absence!) 
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ETI from the competitor’s view - what we thought at EA 


Collyn Rivers and his staff used to wonder how their 
competition, Electronics Australia, viewed them. As a 
staff member of EA from 1967 to 1987, I can now tell 
him: In the early days, we hated it! 

We hated virtually everything about it. We hated the 
staff, the magazine, the projects and the generally in- 
souciant nature of the whole operation. We thought, “It 
can’t succeed”. 

Well, of course, we weren’t really being objective, were 
we? Obviously, it succeeded brilliantly. With hindsight. 
its overall style and presentation was light years ahead of 
Electronics Australia and we were stuck in some sort of 
virtual world and certainly not the real world populated 
by a vast number of readers who literally gulped down 
anything new in the world of technology and this was 
where ETI was “seen to be”. ETI was far ahead of EA in 
presenting stories on the latest technology, be it electret 


it worked seemingly thrived. 

By the end of 1980, ETI had become 
(with peak circulation of over 195,000) 
by far the world’s largest circulation 
electronics monthly but the interna- 
tional side of the operation fell apart 
shortly after — when Kim Ryrie sold off the 
overseas editions, each to a separate 
buyer. | tried for a year or two to run it 
as before, but then concentrated on 


gone. 
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\ approach. 


expanding associated business activi- 
ties — including a successful book sales 
division. | also managed many of the 
company’s other magazines. 

But the international magic had 


| stayed with the magazines until 
1981, when the then owners’ disastrous- 
ly produced Sydney City Monthly (with 


microphones, anti-skid braking in cars, Professor Ed 
Cherry’s world famous amplifier with nested feedback 
loops or whatever. 

We also used to sneer at many of the projects and some 
of them were definitely dodgy. But others were very good 
and we wished we had been able to feature them. The 
ETI Synthesiser was world-class. 

In later years, there was grudging acknowledgement 
that ETI was a fine magazine and that they had many 
features which our conservative editorial direction (I 
won’t go into details here) did not permit. 

Louis Challis’ comprehensive and authoritative re- 
views of audio products were a notable feature and that 
irreverent back page, “Dregs”, sending up anything and 
everything was obviously a hallmark of the ETI approach. 
Synergistic beer drinking indeed! How dare they! 

Leo Simpson 


a print run of some 50,000 and sales 
of about 3000) virtually bankrupted the 
company. 

My group was sold to Federal Publish- 
ing, who ran magazines competently 
but ultra-formally. | stayed for 91 days, 
but accepting my staying could not 
possibly work for either party, left to start 
my own publishing company. 

ETI (in Australia) was wound up a few 
years later. Then, in 2001, so was EA. 
Leo Simpson bought the rights to both 
— after he founded SILICON CHIP. He now, 
| suspect, successfully combines some 
of the rigour of EA with the some of the 
liveliness of ETI. 

Some of the editions live on. ETI UK, 
for example, is now Everyday Practical 


Aaah, the Dregs 
- who can forget 
this irreverent 
“last page” 
which adorned 
every issue of 
ETI from the 
early days. It 
was right up 


there with Electronics. Anow massively-successful 
“Synergistic Indian edition (now by far the largest 
Beer in the world) had its roots in that pirate 
Drinking” and edition. 
demonstrates 


Along the way many ex-ETl associates 
and staff prospered: Kim Ryrie followed 
up the ETI Synthesizer project by de- 
veloping it into the world famous Fair- 
light unit. Projects engineer, Phil Waite 
founded VitalCall, one of Australia’s 
most successful security equipment 
companies, ETI assistant editor Jane 
McKenzie became Editor of Choice 
magazine. And there are many many 
more. 

| thank Leo for providing this opportu- 
nity to celebrate what would have been 
ETl's 40th birthday. 

Also a thank you to Dick Smith (who 
started Dick Smith Electronics at much 
the same time | set up ETI), Gary Johnston 
of Jaycar, and Jack O'Donnell of Altronic 
Distributors, All assisted hugely with the 
constructional projects that were such 
a major part of the magazines. se 


the flavour of 
the magazine. 
(Beer 
flavour?) 
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Programming and Customising the PICAXE microcontroller, 
by David Lincoln. Second edition, 2011. 


Published by McGraw-Hill/TAB. 
302 pages, soft covers, 187 x 234mm 


ISBN 978-0-07-174554-3 
Price $65.00 


s a fan of David Lincoln’s ear- 
A books, I see his new 300- 

page text as a great aid when 
wrestling with applications for these 
popular PICAXE microcontrollers. 

This upgraded second edition works 
at many levels, since with beginner, 
intermediate and advanced sections 
it should appeal to schools as well as 
being a good reference for old hands, 
hobbyists and -gasp- even engineers. 
At first glance the software-slanted 
style is refreshing and many novel 
ideas are explored but code (especially 
in the advanced experiments sections) 
is a tad sprawling. 

Layout is arguably somewhat loose, 
and cross-referencing rather lacking. 
Hence the index fails to list “wireless” 
or “temperature”, although the latter 
is mentioned under the DS18B20 sen- 
sor. RFID is featured but wireless link 
coding is considered under Radio on 
page 179. It’s unclear if this relates 
to popular 433MHz (or Xbee) units 
however. 

Many texts now come with a back 
cover CD or are perhaps web-linked for 
copy and paste downloads but past us- 
ers of these PICAXE books were faced 
with -argh!- raw code entry. 

Of course, longer programs demand 
online access, as typos will surely 
otherwise arise. I well recall pages 
of games code listings in early 1980’s 
computer mags (VIC-20, Spectrum 
etc) that lead to keyboard angst and 
weary eyes. 

To my dismay no mention in this 
second edition is made regarding code 
download availability but (thank- 
fully!) fine print on the outside rear 
cover reveals it’s hosted at www. 
lincsoft.com. Programs however are 
shown there as a single long listing 
and keen-eyed copy and pasting to the 
editor will be required. 

Chapter 6 outlines some dozen 
schools level experiments (LED flash- 
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ing and motor driving especially), 
while Chapter 7 has another 20 more 
advanced investigations relating to 
steppers, servos, I?C, SPI and LCD 
driving. Schools would have espe- 
cially benefited from a simple number- 
ing system here, as insights flow over 
many pages and it’s not always easy 
to distinguish between them. 

Most experiments are based around 
the long-popular 08M and 18X PICAXEs 
but a supplement covers the modern 
“M2” offerings. 

Wearing my photo-journalist’s hat 
and given the A1 technology now 
available, at least a few pictures 
would have been appreciated. Only 
a single image (the AXE092 Schools 
Experimenter Board) is shown, with 
schematics being just simple line 
drawings akin to those in David’s 
earlier “Mechatronics” and first edi- 
tion booklets. Bolder images, more in 
the style of the Revolution Educations 


manuals, would have perhaps better 
caught the eye. 

This is naturally both an initial 
marketing and educational end user 
issue; kids sweltering in classrooms 
during Australian heat-waves need 
stimulating. 

Personally Id have whipped up a 
bit of early can-do enthusiasm as well 
(photos of pre-teens robots, “girls can 
do anything” smart traffic lights, old 
codgers with balloon wireless weather 
telemetry etc — all with “it works” 
smiles) but then that’s -ahem- my 
own style! 

All up I'd say every electronics 
class, school and library should have 
a copy. Perhaps the biggest compli- 
ment I can make is that this book is 
one I should have perhaps rustled up 
myself! 


(Stan Swan is the author of numerous 
SILICON CHIP PICAXE articles). se 
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Fed Op with the $ 
your iPod or MPS player? 


Build this headph 


F YOU ARE USING ear buds with 

your iPod or MP3 player, you are 
getting the equivalent of sonic garbage. 
Nor does using a high-quality pair of 
headphones do much to improve it. 
You need to use a good-quality exter- 
nal headphone amplifier and a good- 
quality set of headphones and then 
you will be really travelling (riding, 
walking, whatever) in style. 

So why put up with sonic garbage? 
You can have much better sound quali- 
ty. The headphone amplifier described 
here has low noise and distortion, as 
well as a long battery life. 

So why are these portable players 
so poor? While the digital-to-analog 
converter (DAC) in your music player 
may be quite good, in many cases it is 
let down by a feeble headphone driver. 
This not only limits the maximum 
volume but can also introduce a lot of 
distortion even at lower volume levels. 

With an external amplifier, the 
headphone driver in the music player 
is no longer required to supply high 
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currents into a low impedance. It 
only has to provide a signal voltage 
into a high impedance load (in this 
case, about 5kQ). The external am- 
plifier takes on the more demanding 
job of driving the low (and variable) 
impedance headphones to a sufficient 
power level. 

There are a lot of different music 
players out there and it is not possi- 
ble for us to try them all but from the 
tests we have run, it seems that the 
majority of even better-quality play- 
ers can benefit significantly from an 
external amplifier such as the circuit 
presented here. 

While various different styles of 
headphones and ear-buds are avail- 
able, from this point on we shall 
simply refer to them as “headphones”. 


Performance comparison 

To see how much of an improve- 
ment this headphone amplifier can 
provide, refer to Fig.1. This is a graph 
of total harmonic distortion and noise 


one 
amplifier and be amaze 
at the difference! 


By NICHOLAS VINEN 


(THD+N) against frequency for an 
iRiver iHP-140 music player. This is 
an older model with an internal 40GB 
hard drive and we tested it because it 
has a reputation for reasonable sound 
quality (and we had one handy). 

The red line shows the distortion 
from its line output. Not all portable 
players have a line output but if it is 
present, it usually provides the low- 
est distortion signal. As can be seen, 
the performance of this unit is quite 
good, with distortion below 0.01% up 
to 4kHz and 0.015% at 10kHz. 

However, if we connect a load to 
the headphone output (to simulate 
headphones), the distortion is consid- 
erably higher. The green line shows the 
distortion into a 32Q load and the blue 
line into a 16Q load, which is consid- 
erably worse. Most ear-buds present a 
16Q impedance or thereabouts. In that 
case, THD+N at 1kHz is above 0.07%. 

The two additional lines (mauve and 
pink) show the same player operating 
under the same conditions but this 
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Fig.1: a comparison of the distortion from an iRiver iHP- 
140 MP3 player with and without our headphone amplifier, 
both channels driven. For both 32 and 169 loads, the 
distortion is lower when using our amplifier up to around 
15kHz. Between 1kHz and 10kHz, the reduction in 
distortion with the external amplifier is dramatic, in some 
cases by an order of magnitude. 
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SILICON CHIP Headphone Amplifier (Apple ear-buds, 20mW) 
Fig.3: this shows the distortion when driving small Apple 
ear-buds (both channels) from the headphone driver in an 
MP3 player and then the distortion from the same player 
via our amplifier. The reduction in distortion is clear 
from DC up to 12kHz. Above 12kHz, the light loading on 
the player’s output with the external amplifier allows its 
distortion to rise sharply (a quirk of the player). 


time the headphone amplifier has been 
connected between the line output and 
the load. As you can see, the distortion 
is much lower and not much worse 
than the line output signal by itself 
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(which provides the lower limit). At 
1kHz, the THD+N into 32Q and 16Q is 
0.009% and 0.013% respectively — a 
large improvement. 

These figures are worse than the 
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Fig.2: a comparison of the distortion from an iPod Nano 
8GB with and without our headphone amplifier, both 
channels driven. In the case of a 32Q load, the distortion 
with the external amplifier is the same or better and again 
the largest gains are between 1kHz and 10kHz. For 162 
loads, the same applies except that the iPod output is 
slightly better between 30Hz and 120Hz. 
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Fig.4: the Total Harmonic Distortion plus Noise (THD+N) 
over the audible frequency range, for our amplifier only. In 
the critical mid-band region of 300Hz-3kHz, the distortion is 
below 0.005% for 32Q and below 0.01% for 169. For higher ` 
load impedances, the performance is even better although 
maximum power drops. The high-frequency distortion for 
6002 rises quickly due to the high output voltage. 


those specified for the headphone 
amplifier because the distortion from 
the amplifier is being combined with 
the distortion from the player itself. 
Also, some portable players have 
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THD+N vs Power, 20Hz-22kHz BW, 1kHz 
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Fig.5: this graph shows the THD+N at 1kHz for common 
load impedances over the full power range. The distortion 
falls as power climbs because the rising signal amplitude 
swamps the noise signal. More power can be delivered into 
lower load impedances. Most MP3 players can only deliver 
up to about 20mW whereas this amplifier will deliver 60mW 


and more in most cases. 


significant headphone output im- 
pedance and this can result in poor 
frequency response. This only oc- 
curs with specific player/headphone 
combinations that we don’t have to 
test. Our headphone amplifier does 


10m 


not suffer from this problem since its- 


output impedance is uniformly low 
(around 0.1Q). 


iPod measurements 

We also made some measurements 
with an iPod 8GB player — see Fig.2 
(the colour coding is the same as Fig.1). 
There are some interesting differences 
from Fig.1. 

Firstly, we can see that the head- 
phone driver in the iPod has less rise 
in distortion with a 16Q load com- 
pared to the iRiver but it can’t deliver 
as much power (it starts clipping at 
about 10mW). Also the iPod’s DAC 
- has a more sudden rise in distortion 
above 10kHz. 

Because the iPod’s distortion is 
relatively low below 200Hz, the sum- 
ming of the distortions from it and 
the headphone amplifier mean our 
amplifier’s output is slightly higher in 
distortion at low frequencies. 

In the high-bass and the critical 
mid-band frequencies though (200Hz- 
12kHz), using the external headphone 
amplifier results in a big improvement 
in the distortion figure. At 1kHz it goes 
from 0.25-0.3% down to 0.009-0.011% 
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and at 5kHz the distortion from our 
amplifier is about 1/5th as much. The 
majority of musical content exists 
between these frequencies so not only 
do you get much more output power to 
play with but significantly improved 
sound quality too. 

Unfortunately the iPod’s rise in dis- 
tortion above 10kHz is almost entirely 
from the DAC or its filter so we are 
stuck with it, regardless of whether we 
use the internal or external amplifier. 

We also did a simple comparison 
using the iRiver iHP-140 and some Ap- 
ple brand ear-buds, to see what effect a 
reactive (rather than purely resistive) 
load would have on the amplifier. 
Resistive load testing is all very well 
but sometimes you need to use the 
real thing. As you can see from Fig.3, 
the measurements confirm what we 
expect; the external amplifier drives 
the ear-buds with much lower levels 
of distortion. 

Note that the measurements at high 
frequencies (ie, above 10kHz) for the 
players do not tell the full story. This 
is because we have had to use a 20Hz- 
20kHz bandwidth due to high levels 
of DAC noise above 20kHz from both 
players. This means that the high- 
frequency distortion from both players 
is actually much worse. 


Impressions 
In practice, the difference in sound 


100 200 500 1k 


Frequency (Hertz) 


2k 5k 10k 20k 50k 


E 8 Ohms, 25mwW W 16 Ohms, 25mW Ml 32 Ohms, 25mW 
Fig.6: the frequency response for our amplifier is essentially 
flat over the range of audible frequencies (note the vertical 
scale). The 0dB voltage level was not changed for the 
different load impedances so this also demonstrates the 
low output impedance of the amplifier, ie, changing the 
load impedance barely has any effect on the voltage level 


quality is dramatic and unmistakable. 
The output from our amplifier sounds 
much cleaner and less distorted. Bass 
is clean and powerful with our head- 
phone amplifier and by comparison, 
distorted and weak when listening to 
the iRiver by itself. It isn’t just at high 
power levels that the difference is 
apparent; we made measurements at 
1mW (a more sensible listening level) 
which show just as large a disparity in 
performance. 

In part, this improvement at low 
volume levels is due to the fact that 
virtually all MP3 players have a dig- 
ital volume control. These are usu- 
ally quite a bit noisier than an analog 
volume control (ie, potentiometer) at 
their lower settings, where they will be 
commonly used. Because our design 
uses a pot, the resulting signal-to-noise 
ratio is superior. 

With the external amplifier connect- 
ed and set to the appropriate gain, you 
can operate the player at maximum, 
reducing the player’s contribution to 
both noise and distortion. 

For more details on our amplifier’s 
performance, refer to Figs.4-7. 

Fig.4 shows the THD+N against fre- 
quency for common headphone load 
impedances. The increase in distortion 
at lower frequencies for lower load 
impedances is due to the amplifier IC’s 
internal supply sagging under load. We 
presume that the 600Q high-frequency 
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Channel separation 

Input impedance 
Operating battery voltage 
Current drain 

Battery life 


* Total Harmonic Distortion Plus Noise 


distortion is worse than 32Q because 
of the larger voltage swing involved, 
exposing non-linearities in the ampli- 
fier’s output stage. 

Fig.5 shows THD+N for the same 
load impedances but this time against 
power output. As expected, distortion 
falls as power increases due to the 
signal level increasing while the noise 
level is fixed. This occurs until the on- 
set of clipping, which is due to current 
limiting for low load impedances and 
the limited voltage swing into 600Q. 

Fig.6 shows the frequency response 
which is essentially flat from below 
10Hz to above 50kHz (note the vertical 
scale!). The OdB point was not reset 
when the load impedance was changed 
so this also illustrates the low output 
impedance which is around 0.19. 

Finally, the channel separation is 
also fairly respectable at better than 
-60dB over most of the audio spectrum. 


Practicality 

To be useful, the external amplifier 
must be small and light and have a 
long battery life. The battery should be 
cheap and easy to charge or replace. It 
also needs to work with virtually any 
headphones. 

To this end, we have chosen to 
house it in an Altronics H0352 hand- 
held plastic case. The complete unit 
measures 120 x 75 x 25mm and weighs 
300g including the battery (or about 
200g without the battery). It can fit 
in a pocket. Changing the battery is 
quick and easy thanks to the slide-off 
battery cover. 

This battery consists of two AA 
cells which can be alkaline, dry cell, 
lithium or NiMH. Alkaline and lithium 
types give the best performance be- 
cause of their higher nominal voltage. 
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better than -64dB up to 5kHz 


5kQ (approximately) 


When on, the current draw is around 
15mA, whether idle or delivering 
moderate power levels. This increases 
slightly at higher volume levels. A 
good pair of alkaline cells should last 
around 200 hours. As a bonus, because 
your player won’t have to drive the 
headphone load, its battery should 
also last slightly longer. 

While the driver IC is specified for 
16Q and 32Q loads, we have found that 
it will drive 8Q loads as well, provided 
they do not have any large impedance 
dips. Higher impedances are not a 
problem although power delivery falls 
to about 5mW for 600Q (in practice 
that’s usually enough). So it should 
work with virtually any headphones. 

Since higher voltage operation is 
preferred, rechargeable alkaline cells 
may be a better choice than NiMH. 
Having said that, it will work with 
NiMH cells until they are quite flat 
(1V per cell). 

In order to give some idea of the bat- 
tery state, the power LED dims as the 
battery voltage drops. It’s quite bright 
with fresh cells and ends with a dull 
glow when they are flat. The charge 
state at a particular brightness depends 
on the type of cell used but most cells 
are running out of puff by 1V, which is 
about where correct operation ceases. 


Warnings 

This headphone amplifier can de- 
liver lots of power; much more than 
most amplifiers internal to music play- 
ers. This is both a benefit and a hazard. 
Some players can’t develop much 
volume with certain headphones. This 
may be on purpose, in an attempt to 
prevent hearing damage. 

To give you an idea of how efficient 
headphones can be, they can have 


25mW, 3V Supply, 1kHz, 
20Hz-80kHz Bandwidth 


TABLE 1 
Sound 


Pressure Level | Exposure (per 24 hours) 

B8dBA(SPL) 
1dBA(SPL) 
a4dBA(SPL) 
97dBA(SPL) 
100dBA(SPL) 
103dBA(SPL) 
12dBA(SPL 
115dBA(SPL) 


ratings as high as 106dB(SPL)/mW or 
more. With highly compressed pop 
music, the kind of volume that can be 
produced will damage your hearing 
very quickly. It can also be a problem 
if you put the headphones on and press 
play without noticing that the volume 
control is turned up high. 

The solution to the latter problem 
is simple: always turn the volume 
down to minimum before putting the 
headphones on and then slowly turn 
it up after pressing play. Stop when 
you reach a comfortable volume level. 

The issue of long-term hearing dam- 
age is more tricky. This is especially 
likely if you are often listening in 
noisy environments (eg, on a bus) as 
the temptation to turn the music up to 
overpower the background noise can 
be great. In this case, you are much 
better off using noise-cancelling head- 
phones or in-ear units, to seal out as 
much outside noise as possible. 

It’s OK to listen to loud music 
using headphones occasionally but 
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don’t make a habit of it. We find that 
when the audio quality is high and 
the frequency response is flat, there 
is less temptation to listen at exces- 
sive volumes in order to compensate 
for lack of bass or treble. In addition, 
the human brain adapts to the volume 
level being experienced and after a 
while even quite moderate volume 
levels can be adequate to hear all the 
details in a passage. 

Table 1 shows the maximum expo- 
sure to various sound levels before 
permanent hearing damage is likely 
to occur. Hearing loss can be a real 
problem (as can tinnitus) so pay at- 
tention to these figures. 

Note that with headphones capable 
of 106dB(SPL)/mW and a headphone 
amplifier that can deliver at least 
60mW into such a load, a sound pres- 
sure level in excess of 123dB(SPL) can 
be achieved! 


Circuit description 

Refer now to Fig.7 which shows the 
complete circuit diagram. The heart 
of this circuit is IC2, the MAX4410 
headphone amplifier IC. This contains 
the left and right-channel amplifiers, 
which are inverting (they share a single 
non-inverting input, SGND). 

Each channel also has a shut-down 
input (pins 1 & 12, SHDNL-bar and 
SHDNR-bar) but since we cut power 
to the entire IC when the device is off, 
these are tied permanently to Vcc. If 
we had used the shut-down function 
instead, the batteries would not last as 
long in the “off” state. 

IC2 contains a switched capacitor 
voltage inverter which generates a 
negative supply rail for the amplifi- 
ers. We also make use of the negative 
voltage it generates to power IC1, an 
external gain stage/buffer op amp, as 
well as the power indicator LED (more 
on that later). 

This inverter is a charge pump and 
it allows the amplifiers to operate at 
twice the battery voltage. This results 
in good power delivery with low 
distortion because it allows the use 
of a more linear output stage. It also 
eliminates the need for DC-blocking 
capacitors at the output, which intro- 
duce distortion and also reduce bass 
frequency response. 


Charge pump 

Fig.8 shows how the charge pump 
operates. The circuit rapidly switches 
between two states, shown as Phase 1 
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PHASE 1: C1 CHARGES, C2 & C3 DISCHARGE 


PHASE 2 : C1 DISCHARGES, C2 & C3 CHARGE 


Fig.8: the MAX4410 (IC2) includes an internal switched capacitor voltage 
inverter. This generates a negative rail using two external capacitors (C1 & 
C3) plus a supply rail bypass capacitor (C2). It works by rapidly switching 
the connections between capacitor C1 and the supply rails (see text). 


and Phase 2. The switching frequency 
is around 320kHz, so each phase lasts 
1s + (320kHz x 2) = 1.5625ps. 

During Phase 1, capacitor C1 is 
charged up to the supply voltage, Vdd. 
In this state, C1’s positive terminal 
is connected to Vdd and its negative 
terminal to ground by two electronic 
SPDT switches. These are formed from 
Mosfets but we have shown them as 
switches for simplicity. 

Some of C1’s charge current is sup- 
plied by supply bypass capacitor C2 
(labelled iC2) while the rest comes 
from Vdd. The sum of these currents 
is i1. It diminishes over time as the 
voltage across C1 approaches Vdd. 

When the switch to Phase 2 occurs, 
C1 is disconnected from Vdd and its 
positive terminal is instead connected 
to ground. Since the charge across 
the capacitor remains the same, that 
means its negative terminal goes to 
-Vdd. Current then flows from C3 into 
C1 (iC3) charging C3 up to -Vdd while 
discharging C1. 

The charge current for C3 isn’t the 
only drain on C1. During Phase 2, 
C1 also supplies the negative supply 
load current for the amplifiers, from 
SVss. During Phase 1, this load current 
(iLoad) is supplied by C3, since C1 is 
no longer connected to SVss. 

As C3’s charge current during Phase 
2 (iC3) must replace the current lost 
from C3 during Phase 1 and since 
i2 = iC3 + the load current, we can 
see that i2 represents the SVss load 


current during both phases. Also, i2 
must equal i1 to keep the charge in C1 
constant from cycle to cycle. 

So ignoring inefficiencies (which 
are small), the sum of the Vdd supply 
currents in both phases equals the 
sum of the SVss load currents in both 
phases. This means that the negative 
supply current is ultimately drawn 
from Vdd, confirming that the law of 
conservation of energy still applies. 


Gain and phase 

Returning to the circuit of Fig.7, we 
see that four 10kQ resistors are used 
as the feedback network for the two 
headphone amplifiers, giving a gain 
of -1. IC2 is driven by IC1b and IC1c, 
two sections in quad op amp IC1, 
an OP462. Each is configured as an 
inverting amplifier with a gain of -3.3 
(10kQ/3kQ). Because the headphone 
driver IC also inverts the signal, the 
signal phase is preserved from input 
to output. 

The series 1kQ input resistors at the 
input, designed to protect IC1 from 
excessive input voltages (as well as 
forming part of the RF filter), reduce 
the overall gain since they act as divid- 
ers with the volume control potentio- 
meter. So the overall maximum gain 
is about three (3.3 x 10 + 11). 

IC1a and [Cid are configured as 
unity-gain buffers (ie, voltage fol- 
lowers) and these drive the inverting 
amplifiers formed by IC1b and IC 1c. 
This is necessary because the invert- 
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UNDERSIDE OF PCB, SHOWING SURFACEMOUNT COMPONENTS 


Fig.9: the three SMD components (IC1, IC2 & Mosfet Q1) are mounted on the copper side of the PCB. Use a fine-tipped 
soldering iron for this job & note that the two ICs are orientated in different directions. 


ing amplifiers have a relatively low 
input impedance (3kQ) and if this 
were connected directly to the volume 
control potentiometer, it would affect 
its operation quite drastically. 

We chose the OP462 for a number 
of reasons. First, its supply voltage 
will vary in the range of about 3.6- 
6.2V, depending on the battery voltage 
(typically 2-3.3V). Most low-voltage 
op amps have a supply range of 2.7- 
5.5V so a specialised op amp like the 
OP462, with its wider range of 2.7- 
12V, is required. Second, there is its 
performance, which we have detailed 
in a panel later in this article. 

Third, the MAX4410 data sheet 
states that if we are to draw current 
from its voltage inverter, we should 
draw no more than 5mA or else its 
distortion may increase. Quiescent 
current for the OP462 at 40°C and 
6.2V is around 2.2mA. Then there is 
the current which it must drive into 
its loads. This is computed as follows. 

Maximum undistorted power from 
the MAX4410 into 32Q (60mW) is with 
an output voltage of around 1.4V RMS 
(V2/R=1.4V2 + 32Q =61.25mW). IC1b 
& IC1c each deliver the same signal 
voltage into two 10kQ resistors (one for 
their feedback and one to IC2) which 
in parallel form a 5kQ load. This takes 
1.4V + 5kQ = 0.28mA RMS each, or 
0.56mA total. 

Since IC1b and IC1c have a gain of 
3.3, this means that IC1a and IC1d will 
be delivering a420mV RMS signal into 
their 3kQ loads for a total of 0.42V + 
3kQ = 0.14mA RMS each, or 0.28mA 
total. So adding it all up, at maximum 
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power into a 32Q load, IC1 consumes a 
total of 3.04mA, well below IC2’s limit. 

Vss is also used to power LED1, via 
a 2.2kQ current-limiting resistor. At 
maximum voltage (Vdd - Vss = 6.2V), 
this will draw about (6.2V - 2.0V) + 
2.2kQ = 1.9mA. Taking this into ac- 
count, we reach 4.94mA so we just 
squeak in below the limit. This is 
almost a worst-case figure. 


Input circuitry 

Signals fed to the input connector 
(CON1) are loaded with 10kQ resistors 
in each channel, which is required 
for some music players (eg, certain 
iPods) to operate correctly. Following 
this is an RF filter consisting of 1kQ 
series resistors and 100pF capacitors 
to ground. This network attenuates 
RF signals picked up by the input 
leads (although the plastic case means 
that some RF signals may still break 
through). 

The left and right-channel signals 
are then AC-coupled using back-to- 
back 100uF electrolytic capacitors, 
effectively forming two 50uF non-po- 
larised capacitors. This is large enough 
to avoid any significant low-frequency 
roll-off or distortion. We didn’t use 
non-polarised capacitors because their 
physical size varies so much. 

The signal then passes into the 
volume control pot, a 10kQ dual-gang 
logarithmic type, and thence into 
the buffers and gain stages already 
described. 


Power supply 


Space is at a premium on the end 


Arrr 


panel of the case so there isn’t room 
for a separate power switch and power 
indicator LED. The obvious solution 
is to use an illuminated toggle switch 
or illuminated latching pushbutton. 
We needed a very small unit, so we 
decided to use a right-angle tactile 
pushbutton switch with integral LED 
(Altronics S1179). 

We must convert its momentary 
action to have a latching effect and 
with the power off, the battery drain 
much be zero or very close to it. This 
is achieved as follows. 

Schottky diode D1 provides reverse 
polarity protection, in case the battery 
is put in backwards (it happens!). Its 
low forward voltage (about 0.23V) 
minimises power loss. Following D1, 
power for IC1 and IC2 is switched by 
Q1, a DMP2215L P-channel Mosfet. 
This was chosen because it has a very 
low turn-on voltage (about 1V) and a 
low on-resistance, minimising voltage 
loss and allowing enough current for 
IC2 to operate at high output powers. 

Q1 is controlled by IC4, a dual 
CMOS D-type latch. This is powered 
directly from the battery but it con- 
sumes very little — at 25°C, it draws 
less than 0.1uA. IC4b is unused; IC4a 
controls Q1. Its role is to “remember” 
whether the power is currently on or 
off and drive Q1 appropriately. IC4 is 
toggled on and off by repeated presses 
of switch S1 which is debounced 
by one section of IC3, a 74C14 hex 
Schmitt trigger. 

We use an RC filter to smooth out 
the button action, rejecting short 
bounces. It consists of two 47kQ resis- 
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tors, a 100nF capacitor and a 1N4148 
small-signal diode. This provides 
better symmetry in combination with 
the momentary button than a simple 
RC filter. When the battery is inserted, 
the input to IC3e is held high by the 
100nF capacitor and kept discharged 
by the resistors and diode. Therefore, 
its output remains low, preventing a 
false button press when the battery is 
inserted. 

When S1 is pushed, the capaci- 
tor begins to charge as current flows 
through the lower resistor to ground. 
Eventually, IC3e’s output goes high. 
When S1 is released, a similar proc- 
ess occurs but in reverse, with the 
capacitor discharging through the 
upper resistor and the diode. 

The result is that each press of S1 
triggers a valid clock transition for IC4, 
toggling the latch and switching the 
power on or off as appropriate. 

Finally, we come to LED2 and LED3. 
These are not included for visible ef- 
fect but rather form a simple shunt 
regulator, akin to a 4V zener diode. 
This helps protect [C2 in case there is 
a brief spike in supply voltage above 
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Fig.10: follow this layout diagram to install the parts on the top 
of the PCB. As shown, some of the resistors are installed end-on 


to save space. The photo above shows the fully-assembled PCB. 


3.6V (its maximum rating), at which 
point the LEDs will begin to conduct 
and shunt current away from it. This 
helps reduce the chance of damage 
from static electricity. The breakdown 
voltage for LEDs is more predictable 
than for a low-voltage zener diode. 


Construction 

All components are mounted on a 
single-sided PCB coded 01104111 and 
measuring 67 x 58.5mm. The overlay 
diagram for the copper side is shown in 
Fig.9, while Fig.10 shows the topside 
components. 

The PCB has corner cut-outs for the 
box pillars. If yours doesn’t already 
have these cut-outs then cut and file 
them to shape. Check that the PCB fits 
in the case and that the mounting holes 
line up with the plastic pillars. Also 
check the copper side for any defects 
such as under-etched areas or hairline 
cracks and repair if necessary. 

Begin construction with the two 
surface-mount ICs (IC1 and IC2). 
Before unpacking them, ensure that 
they will not be damaged by static 
electricity. An anti-static mat is the 


4-Band Code (1%) 

yellow violet orange brown 
brown black orange brown 
orange black red brown 
red red red brown 

brown black red brown 
brown black brown brown 


best insurance against static. 

Solder IC2, the MAX4410EUD, to 
the PCB first — see Fig.9. Find the dot 
on the package which indicates pin 1 
and orientate it as shown. Carefully 
apply a small amount of solder to the 
upper-right pad (or upper-left if you 
are left-handed). 

Pick up the IC with angled tweezers, 
melt the solder on that pad, slide the 
IC into position and then remove the 
soldering iron. If this takes more than 
a few seconds, stop, wait and try again. 

Ensure the IC is correctly lined up 
with its pads and centred between 
them. If not, wait a few seconds before 
melting the solder and re-positioning 
it. It may take several attempts to get 
the position and alignment right. Be 
careful not to get any solder on any 
other pins or pads. 


jablersaGapacitomcodes 


Value wF Value IEC Code EIA Code 
100nF 0.1uF 100n 104 
100pF NA 100p 101 


jabler2aResistomecloumGodes 


5-Band Code (1%) 

yellow violet black red brown 
brown black black red brown 
orange black black brown brown 
red red black brown brown 
brown black black brown brown 
brown black black black brown 
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Once it is in place, rotate the board 
180° and carefully apply a small 
amount of solder to the diagonally op- 
posite pin. Re-check the orientation, as 
the IC may have moved slightly during 
this procedure and adjust if necessary. 

With the IC held in place by those 
pins, apply solder to the others with- 
out re-melting the first two. Don’t 
worry about bridging them, it is una- 
voidable. It’s more important to be sure 
that solder has flowed fully onto all 
the pins and pads. 

Once they have all been soldered, 
apply a small amount of flux paste 
along the pins on both sides and use 
fine solder wick to soak up the excess 
solder, a few at a time. Be careful to 
avoid applying too much heat during 
this process; wait between each ses- 
sion with the iron, as the tracks are 
very fine and can lift off the board. 

As you can see from our photos, 
with some care this process results in 
a neatly-soldered IC. 

IC1 goes in next, using the same 
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approach. Alternatively, you can 
solder the pins individually using a 
fine-tipped iron as they are larger than 
IC2’s. As before, ensure that the pin 1 
dot is orientated correctly and avoid 
applying heat for too long. 

That done, mount Q1. Its pins can be 
soldered individually. This is the most 
static sensitive of all the components 
so don’t touch the pins. If they stick 
up in the air, flip the part over, but 
otherwise it can only go in one way. 

To install Q1, place a small blob of 
solder on one of the pads, then heat it 
and slide the part into place. Re-adjust 
its position ifnecessary, until the other 
two pins are over their pads and then 
solder them one at a time. As soon as 
you have finished, flip the board over 
and fit the 5.1V zener diode as shown 
on Fig.10, with the indicated orienta- 
tion. This helps to protect Q1 from 
static damage. 


Through-hole components 
Now for the easy part. Install the 


The completed PCB assembly is installed inside 
a plastic case and is secured to integral pillars 
using four self-tapping screws. Take care to ensure 
correct polarity of the leads running to the battery 
compartment tabs. 
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Fig.11: use this template to drill the four 
holes in the plastic end-plate of the case. 


four wire links using tinned copper 
wire. Follow with those resistors 
which lie flat on the board. Use a DMM 
to check each value, as the colour 
codes can be hard to read accurately. 
That done, install the two remaining 
diodes, orientating them as shown 
(don’t get them mixed up). 

Now solder the two DIP package 
ICs in place. Check that the notch or 
dot at one end is orientated as shown 
on the overlay diagram. You may use 
sockets but they are not necessary. Fol- 
lowing that, mount the two 3.5mm jack 
sockets. The edges should be parallel 
with the PCB; if not, enlarge one hole 
slightly before soldering. 

Fit the two 3mm LEDs right down 
on the board, with the flat edge of 
each LED to the left. Follow with the 
two ceramic capacitors and the six 
MKT capacitors, then install the four 
electrolytics, Make sure that the latter 
are all orientated correctly. Note that 
one capacitor is squeezed between two 
others and in this case you will need 
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The three 220yF low-ESR (equivalent 
series resistance) capacitors connected 
directly to IC2 are critical to obtaining 
good performance. The MAX4410 data 
sheet suggests the use of tantalum capaci- 
tors with values as low as 2.2pF. 

The problem is that most through-hole 


tantalum capacitors have too high an ESR 
for good performance. This leaves us with 
three options: (1) use surface-mount 
tantalum or ceramic capacitors with low 
ESR; (2) find some through-hole tantalum 
capacitors with a guaranteed low ESR 
value; or (3) use low-ESR electrolytic 
capacitors. 

We made extensive tests with various 
capacitors and found that the best option 


to kink its leads slightly so that it will 
fit upright (see photos). 

Now cut or file 2mm from the end of 
the potentiometer shaft. This prevents 
the knob from sticking out too far. 
Avoid distorting the splines or bend- 
ing the two halves drastically while 
doing this as it will make attaching 
the knob difficult. 

The potentiometer and pushbutton 
switch can then be fitted. Ensure they 
are both pushed all the way down onto 
the board and parallel with the edge 
before soldering them. You may need 
to bend the pushbutton switch pins 
slightly to get it to fit. 

After that, install the remaining re- 
sistors, which mount vertically, with 
one lead bent over. Again, check each 
with a DMM first. 

Finally, strip 5mm from each end 
of two 50mm hook-up wires and twist 
the strands together tightly. Insert 
one end of the red wire through the 
hole marked “Bat +”, then solder it to 
the pad and trim it. Do the same for 
the black wire and the hole marked 
“— Bat”. 


Preparing the box 

Use a copy of Fig.11 as a drilling 
template for the panel at the end of 
the box (it can also be downloaded as 
a PDF from the SILICON CHIP website). 
Tape or glue it onto the panel and 
then drill 3mm pilot holes. Carefully 
expand each hole to size using a ta- 
pered reamer. Clean them up with an 
oversized drill bit, on both sides. 

Be careful with hole placement for 
the on/off pushbutton The others can 
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is to use low-ESR electrolytics. They fit 
in the tantalum capacitor mounting loca- 
tions with a little lead-bending and the 
performance is consistently good. They 
are also quite cheap. 

You need to be careful though. We 
bought two batches of capacitors from 
our local parts store, all of which were 
supposedly 220uF 10V low ESR. The first 
batch had green sleeves and gave good 
performance while the second batch were 
black and resulted in worse performance. 
ESR measurements of this second batch 
were in some cases over 19 so we think 
that these may have been regular capaci- 
tors that were accidentally placed in the 
low-ESR bin. 
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Fig.12: this front-panel artwork can 
be copied, laminated & attached to 
the case lid. Alternatively, you can 
download the artwork in PDF format 
from our website and print it out. 


be made larger if necessary, as they 
are covered by the nuts. When ready, 
remove the nuts from the potentiome- 
ter and jack sockets and check that the 
panel fits over them. 

It’s a good idea to fit the potentio- 
meter nut as it reduces the chance of 
damage if the unit is dropped. How- 
ever, one side of the nut has to be filed 
down so that it doesn’t interfere with 
the lip of the case. 

To do this, first fit the pot and nut 
to the front panel and do the nut up 


Parts List 


1 PCB, code 01104111, 67 x 
58.5mm 

1 hand-held plastic case, 105 x 
75 x 25mm (Altronics H0352) 

1 2 x AA battery clip to suit case 
(Altronics H0355) 

4 No.4 x 9mm self-tapping 
screws 

1 front panel label, 54 x 84mm 

1 10kQ logarithmic dual-gang 
9mm potentiometer 

1 small knob to suit potentiometer 
(Altronics H6560 or similar) 

2 3.5mm stereo switched PCB- 
mount jack sockets (CON1, 
CON2) 

1 right-angle PCB-mount tactile 
switch with integral LED (S1) 
(Altronics S1178) 

2 14-pin DIL sockets (optional — 
see text) 

1 50mm length 0.7mm diameter 
tinned copper wire 

1 50mm length red light-duty 
hook-up wire 

1 50mm length black light-duty 
hook-up wire 


Semiconductors 

1 OP462GSZ quad low voltage 
op amp (IC1) (Element14 or 
DigiKey) 

1 MAX4410EUD headphone 
driver (IC2) (Element14 or 
DigiKey) 

1 74HC14 hex Schmitt trigger 
inverter (IC3) 

1 74HC74 dual D-type latch 
(IC4) 

1 DMP2215L P-channel Mosfet 
(Q1) (Element14 or DigiKey) 

1 1N5819 1A Schottky diode 
(D1) 

1 1N4148 small signal diode 
(D2) 

1 5.1V zener diode (0.4W or 
1.0W) (ZD1) 

2 green 3mm LEDs (LED2, 
LED3) 


Capacitors 

3 220uF 10V low ESR 
electrolytic 

5 100uF 16V electrolytic 

6 100nF MKT 

2 100pF ceramic (NPO/COG) 


Resistors (0.25W, 1%) 
3 47kQ 1 2.2kQ 
8 10kQ 2 1kQ 
2 3kQ 1 1002 
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Semiconductor Highlights: A Look At 161, IG2 & Mosfet Q1 


The high performance of this portable headphone amplifier is made possible by three special purpose devices, IC1, IC2 & Mosfet Q1. 


IC1: OP462GSZ 

Manufacturer Analog Devices, Inc. 

Description Quad 15MHz Rail-to-Rail Output Op Amp 

Fabrication Process XFCB (trench isolated bipolar transistors) 

Package Small Outline Integrated Circuit (SOIC), 14 pins 

Supply Voltage 2.7-12V 

Quiescent Current Typically 0.5mA per amplifier, maximum 0.7mA per amplifier 
Noise 9.5nV/V(Hz) at 1kHz 

Input Voltage Range OV to Vcc-1V 

Output Voltage Swing 0.065V to Vcc-0.06V (5mA) 

Input Offset Voltage Typically 45uV, maximum 325uV (800uV over full temperature range) 
Input Bias Current <600nA 

THD+N <0.001% (Vcc = 5V, gain = 1, Vin = 1V RMS, R = 10kQ) 


Comments: the OP462 has exceptional performance for a low-voltage, low-power op amp. This is the quad version; the single and 
dual versions are the OP162 and OP262 respectively. They are only available in surface-mount packages: SOIC, TSSOP and MSOP 


(in order of largest to smallest). 


increasing the quiescent current. 


IC2: MAX4410EUD 
Manufacturer 


Description 
Fabrication Process 


firmly. Mark the side of the nut that’s 
closest to the adjacent edge, then re- 
move the nut, place it in a vice with 
scrap wood on either side and file 
away about half its thickness from the 
marked edge. 

You can check that it has been filed 
correctly by temporarily sliding the 
end-plate into the plastic case and 
placing the nut over the potentiome- 
ter hole, with the filed side against the 
adjacent edge of the case. If it fits then 
you've filed away enough material. 

When finished, spray paint it black 
so that it blends in with the case, then 
push the end panel up against the PCB 
and do up all three nuts. 
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Maxim Integrated Products 
80mW DirectDrive Stereo Headphone Amplifier 
BiCMOS (bipolar and complementary Mosfet transistors) 


Next, take the side of the box that 
incorporates the battery holder and 
install the two battery clips. These 
are simply pushed into place. The 
part with the solder tabs goes on the 
side shown in our photos. If you have 
trouble pushing them in, a screwdriver 
can help but be careful not to scratch 
the plastic. 

That done, slot the end-panel into 
that half of the box, so that the PCB sits 
on the plastic pillars. Secure it using 
four No.4 x 9mm self-tapping screws. 
Push the black wire through the hole 
in the solder tab which connects to 
the spring battery clip and solder it in 
place (if in doubt, refer to the photos). 


Most low-voltage op amps have a supply voltage range of 2.7-5.5V and are typically characterised for 2.7V and 5V supplies. With 
its 12V upper limit, the OP462 can run off +5V rails as well. Its quiescent current is 0.4-0.7mA per amplifier, depending on supply 
voltage and temperature but is typically 0.50-0.55mA. 

The noise performance is excellent for a device with such a low quiescent current. Low-current op amps don’t have especially low 
noise voltages because they must operate their input transistors with a low collector current; this figure can’t go much lower without 


While this is a rail-to-rail output amplifier, its input common mode range only extends to 1V below the positive rail. Input voltages 
down to the negative rail cause no problems. For rail-to-rail output then, a small amount of gain is required (around 1.25x). 

The distortion performance is excellent considering the low supply voltage and current. As with the noise performance, it is not as 
good as some higher power op amps but it does not rise at high audio frequencies (with a measurement bandwidth of 20Hz-20kHz), 
unlike many other op amps, due to its high dominant pole frequency. 

The reason it can achieve this performance (and why it’s quite expensive) is the XFCB fabrication technology, which places each 
transistor in a separate trench within the silicon die. This reduces stray capacitance between the transistors, improving high frequency 
performance. While this op amp is primarily intended for high-speed DC applications, it clearly works very well for audio too. 


Bend the tab over so that it’s flat against 
the rear of the battery holder. 


Testing 

Connect a DMM, set to milliamps 
mode, between the red wire and the 
battery holder. Alligator clip leads are 
invaluable in this situation. Insert two 
cells into the battery holder (if you 
have a bench supply, set it to output 
3V with a current limit of 50mA). The 
initial current flow should measure 
OmA (or very close to it) and the LED 
in the on/off pushbutton should be off. 

Now press the on/off pushbutton. It 
should immediately light up and the 
current consumption should increase 


siliconchip.com.au 


Package 

Supply Voltage 
Quiescent Current 
Input Offset Voltage 
Output Power 
THD+N 

SNR 

Channel Separation 
Frequency Response 
PSRR 

Charge pump frequency 
Features 


1.8-3.6V 


Thin Shrink Small Outline Package (TSSOP), 14 pins 


With 3V supply, typically 7mA, maximum 11.5mA 
Typically 0.5mV, maximum 2.4mV 

65mW/32Q, 80MW/16Q, 100mMW/8Q* (3V supply) 
Typically 0.003% (1kHz, 32Q/25mW and 162/50mW) 
Typically 95dB 

Typically 70dB 

DC-500kHz, +0,-0.5dB 

Typically 90dB at 1kHz 

272-368kHz (320kHz nominal) 

OV-referenced output, shut-down, click and pop suppression 


Comments: the MAX4410 is one of the best performers among the various single-chip headphone drivers 


available. It also requires a fairly minimal set of external components. 

Low-power speaker driver ICs used with single supplies often operate in bridge mode, driving the speakers differentially, so that no 
bulky DC-blocking capacitors are required for the outputs. This is not possible when driving headphones because in most cases, the 
two drivers share a single ground line and thus can not be driven differentially. 

The MAX4410 solves this by using an internal switched capacitor voltage inverter to generate a negative rail. The analog circuitry 
then runs off the split supply and so its output is ground-referred. This results in lower cost, smaller size and improved performance. 
This also means that the analog circuitry has twice the voltage to work with, allowing for a design with more inherent negative feedback 


and thus lower distortion. 


It also incorporates a per-channel shut-down, allowing a microcontroller to turn off the output drivers when they are not needed 
without an external power switch. Both the shut-down function and the power on/off incorporate click and pop suppression which 


prevents large transients from occurring and causing loud noises on the headphone outputs. 


The amplifier gain is adjustable by the use of varying feedback resistor values. 
The minimal set of external components is the four feedback resistors, AC coupling capacitors for the signal inputs (assuming it isn’t 
already ground-referenced) and three relatively small low-ESR capacitors for supply bypassing and for the switched capacitor charge pump. 
* Not specified in data sheet; determined by testing. 


Q1: DMP2215L 
Manufacturer 


Description 

Package 

Maximum Drain Voltage 
Maximum Gate Voltage 
Gate Threshold Voltage 
Drain-Source On-Resistance 
Maximum Drain Current 
Drain Leakage Current 


-20V 
+12V 


to about 15mA. If it doesn’t light or if 
at any time the current exceeds 20mA, 
cut the power and check the board 
for faults such as reversed or incor- 
rect components, wrong component 
values, solder bridges or short circuits. 

Assuming you get a reading of about 
15mA when the power is on and the 
on/off switch operates normally, turn 
the volume all the way down and 
plug in a signal source (eg, an MP3 
player) and some headphones. Play 
some source material, put on the head- 
phones and slowly turn the volume 
up. If you hear undistorted sound then 
all is well. 

It’s then just a matter of soldering the 
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Diodes, Incorporated 
P-Channel Enhancement Mode Mosfet 
SOT-23 (Small Outline Transistor, 2.9 x 1.3mm), 3 pins 


Typically -0.89V, maximum -1.2V 

Typically 165mQ, maximum 215mQ (Gate = -2.5V) 
2.7A @ 25°, 2A @ 70° 

Maximum 800nA (Gate = OV) 


remaining battery wire, screwing the 
case together, attaching the front-panel 
label and pushing the knob on. The 
front-panel label is shown in Fig.12 
and can either be copied or down- 
loaded from the SILICON CHIP website 
and printed out. Laminate it and use 
spray adhesive to hold it in place. 

To get the knob position correct, 
set the potentiometer to its mid-point 
and then push the knob on so that the 
pointer is straight up (ie, at right-angles 
to the end of the case). 


Using it 
You will need a short cable with 
3.5mm stereo jack plugs at either 


end to connect your music player to 
the headphone amplifier’s input. As 
mentioned earlier, it’s always a good 
idea to turn the volume knob down 
before putting the headphones on. You 
can then turn the player volume up to 
maximum, to maximise its signal-to- 
noise ratio. 

Note that the MAX4410 driver IC 
has click and pop suppression so there 
should be no loud noises if the ampli- 
fier is turned on and off while you are 
wearing the headphones. If, after some 
use, the power LED is dim and/or the 
sound is distorted, or the unit will 
not switch on, it’s time to recharge or 
replace the battery. sc 
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SILICON 2x 20W Class-A Stereo Amplifier 
CHIP 


Fixing transformer BUZZ 
in the Class-A Amplifier 


Since the 20W Stereo Class-A amplifier was published in 2007, 
it has been widely acclaimed for its sound quality. But there has 
been a consistent niggle experienced by quite a few constructors 
— low level buzz from the power transformer. We recently took a 
look at this problem and have come up with a cure. 


HEN WE PUBLISHED this am- 

plifier in 2007 we were well 
aware of the low level buzz from the 
power transformer and we regarded 
it as inevitable. After all, in a Class-A 
amplifier, the load current is constant 
and always high, regardless of how 
much audio power is actually being 
delivered. That and the amount of heat 
produced are the two major drawbacks 
of class-A amplifiers. 

But that constant load on the power 
transformer means that it is always 
working hard. In this case, it is de- 
livering over 2A from the balanced 
+22V (nominal) DC supply rails. That 
means the peak rectifier currents can 
be expected to be at least 10A and it 
is these heavy pulse currents at 100Hz 
which cause the audible buzz from the 
transformer windings. But we judged 
at the time that the buzz should not 
be a problem with the lid on the case, 
even when playing quiet passages of 
music in a quiet room. 
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And while we judged our prototype 
to be quite satisfactory, it is apparent 
that normal production variations 
mean that some transformers are nois- 
ier than some constructors would like. 
Just recently we have had a number 
of readers complaining and we were 
cogitating about the problem: maybe 
pot the transformer, use pliant mount- 
ing or some-such ... 

Then there was a moment of ser- 
endipity as one of our staff who had 
recently been reading one of the arti- 
cles on Vintage Radio had a sudden 
thought: what if we tried a choke- 
capacitor filter for the power supply? 

Choke input filters were widely 
used for the HT (high tension) rails 
in valve sets because high-voltage 
capacitors were expensive. And be- 
fore permanent magnet loudspeakers 
became common place, the coil for 
the electromagnet in the loudspeaker 
did double duty as the choke for the 
power supply filter. But all of this 


clever circuitry fell into disuse as high- 
voltage capacitors became cheaper and 
more readily available and permanent 
magnet speakers became the standard. 
Such is the progress of technology. 

So the design of choke input power 
supply filters has become something 
of a lost art. In typical valve radios, 
the iron-cored choke would have had 
an inductance of around five Henries 
and be rated for a current of no more 
than about 50 milliamps. The class-A 
amplifier has lower supply rails but 
much higher currents and in any case, 
we would not want such large values 
of inductance. 

Why not? The answer is that a choke 
input power supply works quite dif- 
ferently from today’s capacitor input 
power supply filters. In the latter sup- 
plies, the rectifier diodes conduct for 
only a short time during the peaks of 
the AC waveform, producing the high 
current pulses at 100Hz, as mentioned 
above. 
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Fig.1: the modified power supply has two 
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By contrast, in a typical choke input 
power supply, the rectifier diodes, 
whether they be thermionic (ie, valve) 
or semiconductor, typically conduct 
over most of the 50Hz AC waveform 
so the high 100Hz pulse currents don’t 
occur. The result is that the 100Hz 
ripple on the DC supply is more sinu- 
soidal rather than sawtooth, as it is for 
capacitor input power supply filters. 

Hence, we could expect the addi- 
tion of chokes in series with rectifier 
outputs to the power supply board in 
the class-A amplifier might be able to 
reduce the transformer buzz. But not 
so fast. There is much more to choke 
input power supplies than meets the 
eye. In capacitor input power supplies, 
the DC rails are usually only slightly 
less than the peak value of the AC 
input waveform. For example, when 
16VAC is rectified, you can expect a 
DC rail of about 22V. But in a typical 
choke input filter as used in vintage 
radios, the DC voltage will be a great 
deal less; about 90% of the RMS value 
of the AC voltage. That would be unus- 
able in the Class-A amplifier because 
the reduction in the DC supply rails 
would greatly reduce the available 
audio power output. 

So before we even started we knew 
that we would have use small-value 
chokes — just enough to give a useful 
reduction in the peak rectifier currents 
without an undue reduction in the DC 
supply rails. 

We won’t detail the attempts that 
didn’t work; instead, we will cut to 
the chase and give the solution which 
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involves a pair of cheap and readily- 
available iron-dust toroidal chokes 
with an inductance of 470uH and a 
current rating of 5A. These chokes are 
much, much smaller than the chokes 
typically used in vintage radios. 


Circuit details 

Fig.1 shows how the chokes, L1 and 
L2, are connected in series with the 
positive and negative bridge rectifier 
outputs to the capacitor bank of the 
power supply. 

Electrically, the effect of these 
chokes is quite modest but it is enough 
to give a major reduction in buzz from 
the power transformer. To demon- 


The two 4 


DuF chokes are secured to a piece of blank PCB material using 


+19.5V 
NOM 


strate the effect, we have produced a 
number of scope grabs showing con- 
ditions in the power supply with and 
without the chokes. Fig.2 shows the 
conditions from the standard power 
supply, without the chokes in circuit. 
The green and yellow traces show 
the 100Hz sawtooth ripple voltages 
superimposed on the positive (green) 
and negative (yellow) supply rails. 
The magenta and cyan traces de- 
pict the rectifier currents flowing in 
the secondary windings of the power 
transformer. These short pulse cur- 
rents charge the 30,000uF capacitor 
bank in the power supply. Notice that 
the individual winding currents are 


Nylon cable ties. This assembly is then mounted in the chassis on 12mm 
standoffs and secured using M3 x 6mm machine screws and washers. 
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This close-up view shows how the chokes are mounted and wired into circuit. The outputs from the bridge rectifier go 


to the leads on one side of the chokes, while the leads on the opposite side go to the corresponding positive and negative 
inputs on the Power Supply Board. Be sure to use heavy-duty hook-up wire for the choke connections. 


at 50Hz but since they are 180° out of 
phase, they result in 100Hz ripple on 
the supply rails. 

We measured those pulse currents 
with a 0.02Q (20 milli-ohms) shunt in 
each secondary winding, as shown on 
Fig.1 which is modified from the origi- 
nal power supply circuit published in 
June 2007 (note: these resistors are 
shown in red and are not to be fitted 
for the purpose of this modification). 
Given that the scope sensitivity for the 
current measurement is 100mV/div 
and the resistance is 0.02Q, the pulse 
currents have an amplitude of 11A 
peak. Furthermore, the period of rec- 
tifier conduction in each half-cycle is 
about 3ms. No wonder the transformer 
buzzes! 

Fig.3 shows what happened when 
the chokes were wired in place. Not 
only are the rectifier pulse currents 
slightly reduced in amplitude, down 
to about 10A peak, the period of con- 
duction is now extended to about 5ms 
in each half-cycle. By the way, for this 
measurement, we inverted channel 4 
of the scope (cyan) so that the pulse 
voltages are neatly superimposed. 

OK, so the pulse currents are only 
a little less savage but that is not the 
whole story. You can also see that 
the 100Hz sawtooth ripple voltage 
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waveforms are now smoother but 
there is also a drawback to the choke 
modification: the supply voltage has 
been reduced, from around +19.5V to 
around +18.15V. That is a significant 
reduction and will lead to a reduction 
in the maximum power output of the 
amplifier of a few watts. Fortunately, 
the audible effect of that order of re- 
duction will be unnoticeable. 


Installing the chokes 

The recommended chokes are 
470uH toroidal units rated at 5A and 
wound on sintered iron cores. They 
have a DC resistance of just 0.052 
(50 milliohms). This low resistance 
is important because even with this 
low figure they will get hot. They are 
available from Altronics (Cat. L-6630) 
and Jaycar Electronics (Cat. LF-1278). 
Two chokes are required. 

We installed the chokes on a piece 
of blank PCB material. This should 
be cut and drilled as shown in Fig.4, 
after which you can secure the chokes 
in place using Nylon cable ties. Bend 
the leads of the chokes at right angles, 
as shown in one of the photos 

The completed choke assembly is 
mounted in the chassis between the 
Power Supply Board and the left- 
channel power amplifier board. You 


will need to carefully mark out the 
chassis mounting hole positions, then 
drill the holes to 3mm. 

It’s best to drill the holes from the 
underside of the chassis but you have 
to be careful to capture the metal 
swarf. Several layers of sticky tape on 
the inside of the amplifier and some 
strategically placed plastic wrapping 
can keep the swarf from contaminating 
other parts of the amplifier. 

In addition, you should cover the 
ventilation slots for the power trans- 
former on the underside of the ampli- 
fier before you start drilling. Be sure to 
position the holes accurately and use 
an oversize drill to remove any metal 
swarf from around the holes. 

The choke assembly can then be 
mounted in position on 12mm tapped 
stand-offs and secured using M3 x 
6mm machine screws and washers. 


Connecting them up 


The chokes must be connected into 
circuit using heavy-duty hook-up 
wire. The first step is to unplug the 
positive and negative leads from the 
bridge rectifier at the power supply 
board. The spade connectors are then 
clipped off each lead and the wire ends 
stripped and soldered to the leads on 
one side of the chokes. These connec- 


siliconchip.com.au 


* Agilent Technologies 
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Fig.2 — standard power supply: the green & yellow traces 
in this scope grab show the 100Hz sawtooth ripple 
voltages superimposed on the positive & negative supply 
rails, while the magenta & blue traces show the rectifier 
currents flowing in the secondary windings of the power 


transformer. 


tions should be insulated using short 
lengths of heatshrink sleeving. 

After that, it’s just a matter of run- 
ning leads from the other side of the 
chokes to the positive and negative 
terminals on the Power Supply Board. 
These leads can be terminated with 
fully-insulated 6.3mm spade lugs to 
plug into the quick connect terminals. 


Mains reduced to 230VAC 


Keen-eyed readers who compare 
these voltage figures with those origi- 
nally quoted in the 2007 articles will 
have notice a big discrepancy: the 
supply rails were originally +22V. Why 
the big reduction? 

There are two reasons for this. The 
first is that Australia’s mains voltage 
is now officially 230VAC and we fre- 
quently see mains voltages below that 
in the SILICON CHIP offices. Partly that 
is because the mains voltage is now 
generally lower but it also happens 
because of heavy machinery being 
used elsewhere in our building. 

Indeed, if were presenting the 
Class-A amplifier in 2011 we would 
now specify a transformer with 18V 
secondaries rather than 16V, to cover 
this reduction in mains voltage. Un- 
fortunately, the picture is a little more 
complicated though because there are 
areas of Australia when the mains volt- 
age still exceeds 250VAC. 

This reduction in mains voltage 
was highlighted by another problem 
which became apparent after we had 
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Fig.3 - modified power supply: here’s what happens when 
the 4704H chokes are wired in place. The 100Hz ripple 
waveforms are now more sinusoidal with rounded peaks, 
while the rectifier pulse currents are slightly reduced in 
amplitude. In addition, the period of conduction has been 


extended from about 3ms to about 5ms in each half cycle. 


ALL HOLES A ARE 3.0mm DIAMETER 


ALL DIMENSIONS IN MILUMETRES 


Fig.4: this diagram shows the dimensions and hole positions for the 


choke assembly PCB. 


installed the chokes: the relay on the 
Speaker Protection & Muting board 
was reluctant to operate. While its 
internal LED was lighting up, the relay 
contacts were not closing. 

The quick and easy cure for this is 
to replace diode D1 on the PCB with 
a wire link. If that proves ineffective, 
the relay will need to be changed to a 
12V type (Altronics Cat. S-4311) and 
a 1009 1W resistor installed in place 
of the link originally shown for R2 on 
the PCB. These changes to the Speaker 
Protection Board are only necessary if 
the relay operation proves unreliable. 


Performance testing 


To verify that the addition of the 
supply chokes had not any deleteri- 
ous effect on the performance of the 
20W Class-A Stereo Amplifier, we ran 
all the significant measurements with 
the mains input voltage adjusted to 
240VAC. There was no real difference 


apart from the absence of transformer 
buzz, although there is still a very 
subdued hum from the transformer. 
The only difference in performance 
is a very slight increase in distortion 
from the left-channel amplifier, due 
to the proximity of the chokes. This 
could be avoided by mounting the 
choke assembly on the rear panel, be- 
tween the power transformer and the 
Loudspeaker Protection Board. 


Conclusion 

If you are bothered by the buzz from 
your transformer, then you should 
consider installing the chokes as we 
have described. They will make a 
considerable difference. 

However, if your mains voltage is 
low (ie, below 230V), you might think 
twice. If you do go ahead, you may 
need to also replace diode D1 on the 
Speaker Protection Board with a wire 
link, as described above. sc 
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By Ross Tester 


"This 5 Speaker/l.ine Checker will be a boon to 
yone setting up 100V PA systems, especially for temporary 


installations at sporting events, when you need to do everything quickly 
before the event and be sure that it is all working. With this tester, 
you can immediately check each PA speaker and line as it is run. 


ecessity, as they say, is the 
N= of invention. My neces- 
sity was something to check 

both PA speakers and the lines feeding 
them as they were temporarily placed 
in position for surf lifesaving carnivals. 
For many years, I’ve erected tem- 
porary PA systems — up in the early 
morning, down that afternoon. Usually, 
that’s been a matter of placing perhaps 
eight horn speakers over a distance of 
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maybe 600-700m, all fed from a central 
PA amplifier located where the carnival 
announcer sits. 

With eight 30W speakers, a 250W 
amplifier handles the whole thing quite 
nicely. But feeding those eight speakers 
over such a distance demands they not 
be your usual low impedance (ie, 4, 8 
or 16Q) speakers; to minimise losses 
they must be so-called “100V” types. 

What this means is that the out- 


put from the amplifier is (internally) 
stepped up by a transformer so that the 
lines to the speakers are fed by a 100V 
signal. At the speaker itself, the reverse 
happens — the 100V is stepped back 
down again by a similar transformer so 
that the low impedance speaker driver 
is presented with just the right level. 


Why go to all that trouble? 


The answer is simple: to minimise 
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100V SPEAKER & LINE CHECKER 
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ON OFF D1 1N4004 
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(100V SPEAKER UNDER TEST) 


Fig.1: as circuits go, it’s pretty simple: a 555 timer creates a square wave which is amplified, then fed into a 100V 
speaker transformer and on to the speaker. It’s capable of delivering a little over 1W but it’s not exactly hifi! 


losses in the speaker cables. 

While copper cable is a very good 
conductor, it does have some resist- 
ance. Typically, I use lightweight (14 
x 0.14) Fig.8 cable, which according 
to the reference books has a resistance 
of about 16Q/100m (ie, 8Q per side). 

Ina home hifi situation with only a 
few metres of cable between amplifier 
and speaker that resistance doesn’t 
matter too much but when your speak- 
ers are up to several hundred metres 
away from the amplifier, resistance of 
the cable has a major impact. 

If, for example, I was to drive an 8Q 
speaker 300m away from the amplifier, 
the speaker line itself is going to act 
like quite a large resistor in series — 
about 48Q (3 x 16Q)—and I am going to 
lose 48+56 (ie, line resistance divided 
by line + speaker resistance) or 85% of 
the signal before it gets to the speaker. 

In fact, it’s even worse than that 
because inevitable corrosion in the 
connectors etc means I'd be lucky to 
have even 5-10% of my original signal 
left at the far end. And the further away 
your speakers are, the worse it gets. 

With a 100V PA system, the losses 
are much, much lower. The imped- 
ance of a 30W 8 ohm “tap” on a 100V 
audio transformer is calculated as 
(100V2+30) or 333 ohms. So now 
we have a 48Q speaker line in series 
with a 330Q load. Therefore the loss 
is reduced to (48+(48+330)) or about 
12% — much more manageable. 


No impedance problem, either! 


There is another huge advantage: 
with multiple speakers, you don’t have 
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to worry about impedance matching. 
With a 100V line system, all speakers 
are connected in parallel/in phase and 
all you need to do is add up the watt- 
age which each speaker is running at 
(and that simply depends on the tap 
you use on the speaker’s transformer) 
and make sure the total doesn’t exceed 
the rated output of the amplifier. 

For example, I mentioned before I 
normally use eight 30W horn speak- 
ers (or more correctly, eight speakers 
connected to their 30W taps). 8 x 30 
= 240, nicely inside the rating of my 
250W amplifier. 


Incidentally, if you need to add an- 
other speaker or so to fill in a “sound 
hole” ina 100V system and you're run- 
ning close to the amplifier’s maximum 
power rating, lower the tap on one or 
more speakers so that when you add 
the extra(s), you stay within the overall 
power limit. Simple, eh? 


Back to the checker 


As I’ve installed the PA systems, 
many’s the time I’ve wished for some 
method of ensuring that the lines and 
speakers were working properly as I 
go. “Easy,” you’re thinking. “Just get 


Inside the box: everything except the transformer, output terminals and 


batteries mounts on a single PCB. The batteries in their holders can just be 


seen underneath the board. 
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PUT TO 
ISFORMER 


someone on the microphone to talk 
as you go.” 

Not so easy, especially when the 
system is installed at a beach at 5AM 
— with people living all around! For a 
start, that requires two people to do 
the installation and I normally do the 
job by myself. 

Second, nothing gets residents off- 
side quicker than someone saying 
“testing 1-2” when they’re enjoying 
their beauty sleep. 

So what I wanted was something that 
would generate a low level tone; just 
loud enough to ensure that the speaker 
lines hadn’t been cut (it happens!) or 
the speaker itself hadn’t developed a 
mysterious case of silence (ditto!). Then 
I could test each PA horn and the reels 
of cable as I went. 


The circuit 

The circuit is dead simple; crude 
even — see Fig.1. Our old friend, the 
555 timer, is connected in astable mode 
so it produces a square wave at about 
400Hz or so. It feeds an LM386 power 
amplifier IC via the volume control 
pot (VR1). The LM386 gain is set at 20 
due to the fact that pins 8 and 1 are left 
open circuit. 

Provision is made on the PC board 
for components to (a) shape the output 
wave somewhat — effectively in parallel 
with VR1, and (b) to adjust the gain of 
the LM386 if required (components 
between pins 8 and 1). 

A 10uF capacitor and series resistor 
will set the gain, from 20 up to 200, 
depending on the resistor value (open 
circuit = 20, short circuit = 200). 

While we made this provision, we 
were happy with both the tone and 
the gain, so these pads are left empty. 

You can also adjust the frequency 
from the 555 by varying the 150kQ re- 
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sistor or the 10nF 4 
capacitor. For 
example, 
68kQ 


gives 
about 1kHz. 

Normally, t i 
the output of the 
LM386 at pin 5 would 
drive an 8Q speaker via 
the electrolytic capacitor 
(the Zobel network of a470nF 
capacitor and 10Q resistor to 
ground at pin 5 helps prevent 
supersonic oscillation). 

But in our case, instead of driving 
a speaker, we drive the primary (ie, 
89 winding) of a 100V speaker trans- 
former. 

The secondary is taken to a pair of 
binding posts which can connect to 
speaker cables. But because my speak- 
ers and cables are all wired with XLR 
plugs and sockets for quick connection, 
I’ve included a male XLR socket as well. 
That makes checking fitted leads really 


* Agilent Technologies 
p 20v 


Fig. 3: the top trace 
shows the output 
of the amplifier 
while the lower 
(green) trace shows 
the (unloaded) 
output from the 
100V transformer. 
OK, it’s not exactly 
a textbook square 
wave — but I find 
the distortion 
actually makes the 
sound a little more 


Freq(1): 417Hz 


G 


| Pk-PK(1 }: 6.31V 


Fig.2: the component overlay and matching photo 
below. Note that the capacitors are all laid over so 
there’s enough room underneath the case lid. The 
empty holes in the PC board are for adjustment to 
the 555 output waveform (left holes) and the LM386 
gain (centre/right holes), as explained in the text. 


quick and 
easy — just 
plug ’em in! 
To make it truly 
portable, power is sup- 
plied by eight AA cells, 
giving a 12V rail. This con- 
nects via a silicon diode (D1) to 
protect against polarity reversal and 
thence to an on-board power switch. 
A LED pokes through the front panel 
to show that power is applied, with a 
large volume control knob alongside. 
Just in case you’re wondering why 
we didn’t simply connect the LM386 
to oscillate and produce a square wave 
(which it can do easily) we wanted to 
make the level variable — and it’s just 
as easy to do that with a $1 555. 


Construction 
With the exception of the 100V 
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The two 4 x AA battery holders are clamped in place by a scrap of aluminium. 
In this shot you can also see the mounting pillars on which the PCB sits, along 
with the output terminals and optional XLR socket. 


output transformer, binding posts/XLR 
socket and battery packs, everything is 
mounted on one PCB, coded 04104111 
and measuring 100 x 60mm. 

First step, then, after checking the 
PCB for defects, is to mount the com- 
ponents. 

Start with the seven PC pins (two 
for power, two for output and three for 
potentiometer) then the resistors, low 
profile capacitors, diode and then the 
electrolytic capacitors. 

Note that the electros are all mounted 
“laid over” so their height does not 
interfere with the front panel. When 
mounting the LED, it should sit about 
5mm above the PC board surface so it 
can just poke through the panel. 

The slide switch mounts hard down 
on the PC board, which makes it just 
the right height to emerge through the 
panel without being too proud of it. We 
deliberately selected this type of switch 
so it would be harder to knock on when 
bouncing around in the gear bag! Note 
that it will almost certainly be a DPDT 
type as SPST are not easy to find! 
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Before mounting the 10kQ log pot, 
it would be wise to cut off the excess 
shaft, to the length required for the knob 
you choose. The pot itself mounts flat 
onto the PCB so its three terminals can 
solder to the three PC pins. 

You will note a couple of holes in the 
board alongside the pot — these are for 
a length of tinned copper wire which 
goes over the top of the pot to ensure 
it stays in place. 

We soldered the wire to the pot body, 
after scratching away some of the pas- 
sivation on the body (it won’t solder 
otherwise). 

Finally, solder in the two ICs — mak- 
ing sure you get them in the right spot 
and oriented the right way. 


Checking 


Before mounting the PCB in its box, 
it should be checked. It’s so simple 
it should work first off. Connect 12V 
DC to the power terminals (watch the 
polarity) and turn on the switch. 

Ensure that the LED lights. If it 
doesn’t, you either have a dead power 


Parts List — 100V 
Speaker/Line Checker 


1 UB-1 Jiffy Box, 158 x 95 x 55mm 

1 PC board, coded 04104111, 
100 x 60mm 

2 4 x AA cell holders 

1 8Q to 100V 5W speaker 
transformer (T1) (eg, Altronics 
M1112 or equivalent) 

1 SPST slide switch (eg, Jaycar 
SS-0812 [DPDT] or equivalent) 

2 binding post terminals 

1 chassis-mounting male XLR 
socket [optional] 

1 knob to suit potentiomenter 

1 pack 4 rubber feet, self adhesive 

4 25mm threaded pillars 

4 12mm threaded pillars 

8 10mm x M3 screws 

4 20mm x M3 screws 

4 M3 nuts 

7 PC pins 

Aluminium sheet (for battery clamp) 


Semiconductors 

1 555 timer IC (IC 1) 

1 LM386 Audio amplifier IC (IC2) 
1 1N4004 silicon power diode (D1) 
1 5mm LED (LED1) 


Capacitors 

1 100pF 16V electrolytic 

2 47pF 16V electrolytic 

1 220nF MKT or monolithic 
1 100nF MKT or monolithic 
1 47nF MKT or monolithic 
1 10nF MKT 


Resistors 
1 150kQ 
1109 

1 10kQ log pot, 24mm (VR1) 


1100kQ = 1 2.2kQ 


supply or it is connected back to front 
(or perhaps you’ve put the LED in back 
to front). 

Wind the pot down to minimum 
and connect virtually any normal (ie, 
low impedance) speaker to the output 
pins on the PC board. As you wind the 
pot up you should be rewarded with a 
raspy tone which increases in volume. 

If you don’t, switch off and check 
your soldering — especially for dags 
between the IC pins and for dry joints 
— and also your component placement 
and, if applicable, polarity. 


Final construction 


Using the photos as a guide, drill 
the nine holes required in the Jiffy 
box — four for the PCB mounts, two 
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for the transformer, one for the battery 
holders (all in the base) and two for 
the terminals on the end (plus, if you 
wish to use an XLR socket, a larger 
hole [usually 18mm]). 

The PC board itself sits 37mm above 
the bottom of the case on suitable 
pillars. We used a combination of a 
25mm and 12mm threaded pillars to 
make up the distance with four 20mm 
screws holding them in place from 
underneath and a 10mm screw holding 
the PCB onto the pillars. 

If you have difficulties finding the 
right length pillars, one cheap trick we 
have used in the past is to use plastic 
wall plugs as pillars — they’re easy to 
obtain and easy to cut to the appropri- 
ate length with a sharp (hobby) knife. 
The dark blue ones (10mm) make a 
nice secure “platform” and you can 
use small self-tapping screws. 

When in place, the PC board sits 
hard up against one end of the case 
and actually slightly overlaps the 
transformer, with a clearance of per- 
haps 2mm or so. 

So if you wish the transformer could 
be mounted further under the PC 
board, as long as none of your soldered 
joints under the board can short to it. 
To do this, though, you will first need 
to disconnect and remove the 2-way 
terminal block on top (we’d done this 
anyway because we needed a terminal 
block for another project and this one 
is redundant!). 

We mounted the XLR socket be- 
tween the two terminals, with pins 1 
and 3 connected to the terminals (ie, 
in parallel). There’s not a great deal 
of room between the XLR socket and 
the transformer — in fact, we had to 
cut the ends off the XLR socket solder 
pins to give us enough room for the 
transformer and PC board. 

Solder wires from the common and 
5W transformer taps to the output 
terminals. Most transformers have 
flying leads on their primaries; solder 
these to the output terminals on the PC 
board (if no flying leads, look for the 
“primary” or “8 ohm” labels). 

Because it is not easy to buy suitable 


Fitting the XLR socket required some 
minor surgery to the back of the 

pins to allow it to fit in — but there’s 
still plenty of meat to solder to. Note 
that the 2-way terminal block has 
been removed from the top of the 
transformer - it’s redundant because 
the output leads solder straight to the 
appropriate taps. 


chassis-mounting 4 x AA holders (al- 
though Altronics has one) we used two 
ordinary 4-cell “AA” battery holders 
which go alongside each other under 
the PC board. 

These were connected in series (one 
red to one black wire) with the other 
red wire going to the + terminal on 
the PC board and the black wire, obvi- 
ously from the other battery holder, to 
the — terminal. 

To hold them in place we used a 
scrap of aluminium as a clamp and 
a single screw and nut coming up 
through the bottom of the case onto 
the clamp to hold the battery holders 
firmly in place. 

If you can find chassis-mounting 4 
x AA holders, connect them the same 
way but secure them to the bottom of 
the case alongside each other using 
suitable screws and nuts. 

To avoid scratching the boss’s desk 
(he’s got a thing about that), we placed 
four small self-adhesive rubber feet in 
the corners of the case. 

You’re almost finished! Drill the 
front panel for the pot shaft (10mm 
hole), LED (5mm hole) and the slot 
for the on/off switch (4mm wide x 
~10mm long). 

Place the lid on, making sure the 
LED, switch and pot shaft all come 
through where they are supposed to 


Resistor Colour Codes 


No. Value 
1 150kQ 


4-Band Code (1%) 


1 100kQ2 
1 2.2kQ 
1 = 10 


red red red brown 
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brown green yellow brown 
brown black yellow brown 


brown black black brown 


5-Band Code (1%) 

brown green black orange brown 
brown black black orange brown 
red red black brown brown 
brown black black gold brown 


and put on your pot knob (we didn’t 
worry about a pot nut). Finally, screw 
in the four lid screws and you’re done! 


How to use it 

I’m sure everyone who puts together 
temporary PA systems has their own 
way of working — but this will give you 
an idea of how I do it — especially now 
I can check the installation as I go. 

Usually, I erect all the horn speakers 
where I want them first, then go back 
and roll out the cables which connect 
them together. There is a reason for 
this: I know where each area of the 
carnival is to be set up so provide 
speaker coverage for those areas. 

The speakers are “daisy chained” 
one to the next — not in series but as I 
mentioned earlier, all in parallel. 

Each of my reels of cable has two 
XLR male sockets on the reel itself and 
an XLR female plug on the other end. 
A short female-to-female patch lead 
connects the reel to the speaker, while 
the second XLR socket on the reel is 
ready to accept the female plug on the 
next reel, going off to the next speaker. 

All are wired the same way, using 
pins 1 and 3 of the XLR plugs, so I 
never have a problem with phasing. 

With this gadget, I don’t need an 
amplifier connected (which probably 
won’t even have power available at 
that time of day) nor do I need a sec- 
ond person. 

I simply go to the furthest speaker, 
plug it into the checker and make 
sure it’s OK. Then I plug in the patch 
lead and if it tests OK, I plug it into 
the still-rolled-up cable and plug the 
checker into the opposite end — again, 
the tone tells me if it is good. 

I then roll out that cable back to the 
previous speaker and repeat the proce- 
dure. So at each speaker I’m checking 
it, the patch lead and the cable reel. 

You’d be amazed the number of 
times a reel of cable tests no-go — so I 
can substitute another roll right then 
and there. 

It saves having to come back later to 
swap it all out (and also having to roll 
out the cable twice). se 


Capacitor Codes 


IEC Code EIA Code 
220n 224 
100n 104 
47n 473 

0.010uF 10n 103 


Value 
220nF 


uF value 
0.22uF 
0.1uF 


100nF 
47nF 0.047uF 


10nF 
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Featuring the same quality Australian design and performance 
that has become synonymous with the Kingray brand, this new | 
| "KM Series" of masthead amplifiers brings you clear digital 

| (and analogue) TV reception for a more affordable price than 
| previous models. 


| KMD24FS 24dB Masthead Amplifier Optimised for Digital TV 
e Input filtering rejects VHF Band 1, 

| to optimise digital TV reception. 

+ Combined or separate antenna inputs 

| + Frequency range: VHF 174-230MHz, UHF 520-820MHz 

| + Max gain: VHF 15dB, UHF 24dB 

* Gain control: VHF 10dB, UHF 10dB 

| * Noise figure: VHF <3dB, UHF <2.5dB 


Specified to IPX8 for continuous immersion to protect your 
valuable gear. All feature O-ring seals, stainless hinges, 
padlock rings, lanyards and a transparent lid so you'll know 
HE what you put where. Very tough cases suitable for boating, 
== WD, fishing, camping or kayaking. A range of sizes to take 
= anything from a mobile phone to a multimeter and tools. 


+ IPX8 rated 


* Lockable FROM | 
+ Lanyard included $149 | 
MPS1 ABS Case d 
Dimensions: 


Internal: 110(W) x 68(D) x 31(H)MM pee =EN 
External: 132(W) x 100(D) x 40(H)mm | | 


Play music or even video stored on an SD card, USB stick or any 
‘W other media device through the FM radio in your car. You can 
Í control the playback by remote control or via the steering- 
| wheel mounted remote unit. Pair it with your Bluetooth® 


* Max output: 108dB @ -60dB IMR ARS *% 4f] mobile phone for hands-free operation. A remote earpiece is HB-6420 $14.95 
| (DIN450048) “= | included which enables you to make and receive calls \ 
| + Supply voltage: 17.5VAC "UPR completely wirelessly. MPS201 ABS Case k 
* Replacement power $69 95 ) |. 2.4" colour LC Dimensions: 
supply 11-3258 Í Ta ka : y Internal: 158(W) x 90(D) x 32(H)mm 
| 3254 (Nr ed | pA | * Supports MP3, WMA formats | External: 182(W) x 120(D) x 42(H)mm 


| Caller ID 

| + Automatic last memory 

| + USB cable and 3.5mm audio 00 
cable included $99 

+ Remote control included ` 

| * Size: 70(W) x 65(H) x 22(D)mm 

| AR-3111 


HB-6424 $19.95 


MPS202 ABS Case a a 


Dimensions: 

Internal: 158(W) x 90(D) x 72(H)mm 
External: 182(W) x 120(D) x 75(H)mm 
HB-6428 $22.95 


| KMD32FS 32dB Masthead Amplifier 
| + Wide input range to suit all analogue and digital TV signals 
* Higher amplification for installations with several TV outlets 
e Combined or separate antenna inputs 

| + Frequency range: VHF 44-230MHz, UHF 520-820MHZ 
Max gain: VHF 26dB, UHF 32dB 


wy 


ee k K “a Also available: MP3 /USB FM a 

e Noise ius <i, = ll Tre a and iPod Internal: 200(W) x 100(0) x 83(H)mm 
* Max output: 108dB @ -60dB i Note: iPhone® not included nl peal X 130(0) x 88(H)mm 
| IMR (DIN450048) == Oe 
f * Supply voltage: 17.5VAC j 
| + Replacement power supply 11-3258 $74% | 


p LT-3255 


| Charge controllers are essential for s 
Í commercial units can run into several hundred dollars. 
| Designed for use with 40W to 120W 12V solar panels and lead | 
| acid batteries, this solar charger provides 3-stage charging with 

| the option of equalisation and with MPPT (Maximum Power 
Point Tracking). The kit is configured for 12V operation, a 24V lb 
Í upgrade will be available in the future. Kit includes PCB, all | control is included. 
components and case. * Power input: 12VDC 


| + Suitable for 40W to $1 29 00 A | | + High resolution 


7" TFT LCD Widescean Colour Monitor 


| Suitable for in-car entertainment, use it to watch DVDs, PS2, 
| XBOX®, etc. Unit comes with an adjustable swivel bracket with | 

double sided tape for adhesion on clean flat surfaces. A very slim 
and small infrared remote see | 


|A tiny camera that weet less than 30 grams and is designed 
| to mount on a model RC helicopter - yes, a helicopter! or RC 

| planes, cars or hovercrafts etc. It features a ball swivel lens as 
| seen on real military helicopters and delivers recorded video 

| straight to your computer via a mini USB port, which also 

| recharges the camera battery. 4GB internal memory gives 

| about 4 hours of recording time with continuous video audio 

| and programmable still photos. 


+ Shockproof construction 

| + 90 degree viewing angle 

| + 60 degree lens rotation 

| + Mounting bracket included 
e Size: 80(L) x 19(Dia)mm 

| QC-3820 


| 120W 12V solar panels + Ideal for rear seat 
+ 3-step charging 
+ MPPT (Maximum Power Point Tracking) charging 
* Charge indicator LEDs 


Í + Temperature compensation z 
for charge voltage ek j= s3% i Wireless Stereo Headphones 


| + Optional equalisation cycle a | om Having the kids watching DVDs in the back of 
* Optional 24V 80W to 240W weak the car is all very nice, but you don't want to 
ME operation upgrade {aas be blasted for hour after hour. Add a pair of 

me K(-5500 wireless headphones and enjoy automotive 
bliss. Soft cushioned earpads for comfort, 
switchable between channel A and B. 


* Driver diameter: 27mm 


+ Nominal impedance: 32 ohms tee 
+ Frequency response: 120Hz - 20kHz $3095 | 
AA-2047 l 


passengers 


QM-3752 $1 59 = 


Jaen 


| Note: 
| Helicopter ayya 
| not included 


| Mount this handy action camera with 360 degree rotating base 
onto your bicycle or motorcycle handle bars and record every 

| bump and jump straight onto a MicroSD card with up to 32GB 
of storage. Designed for wet weather conditions and includes 
| an optional helmet strap. USB & TV out cables 
| also included for TV & PC CAM mode, 
driver installation required. 


lugs into your single cigarette power socket and gives you 
two cigarette power sockets and two USB power sockets, all 
whilst sitting in your vehicle's cup holder. Features LED voltage 


| indicators to show battery condition. : aH 154 Baylis St 
$1 9 95 Specifications: Í. al | T 
| + 1.6m lead Resolution: 1.3MP È BAYLISSTREET $ Wagga Wagga 
| + Input voltage: 12-24VDC me esolution: 1.3 A A ae a 

s Maximum current: 10A (fused) : * Video resolution: 720 x 480 @ 30 fps JD 5 NSW 2650 
| : a | + Built-in rechargeable Lithium battery ag 2 


+ USB outputs: SVDC 1.0A + 
0.5A (1.54 total) 

| + Dimensions: 76(Dia) x 65(L)mm 

PS-2120 


TONGABOO LANE 


+ Ingress protection: IP67 Ph: (02) 6931 9333 


+ Supports: Windows 2000, ME, XP & Mac OS X 
| + Dimensions: 87(L) x 20(Dia)mm $99 00 
NG 8012 


E To order call -g G. & ia f 
WWW. Jaycar. com. au 1800 022 888 C S 
Prices valid until 23/04/2011. Limited stock on sale items. No rainchecks. All Savings are based on Original RRP B etter, More Technical 


40m Vari-Focal Pro IR Camera 
A quality camera ideal for long range outdoor surveillance. Robust aluminium case provides 
excellent cooling performance while maintaining the IP68 rating. The Sony® Super HAD sensor and 
the camera's 42 infrared LEDs enable the system to capture images up to 40 metres away in total 
darkness. The IR LEDs can be switched from low, medium or high illumination for different distances. 
The camera is supplied with sun hood, mounting bracket and 


hardware. 
$399% | 


e Flickerless 
ORE Ia, 


* 2 Stage Auto gain control 

e Back light compensation 

* Sensor: 1/3" RLS 
* Sensor brand: Sony® HR SuperHAD II (7) 
* Sensor resolution (H x V pixels): 752 x 582 a 

* Resolution (Horizontal TV lines): SSOTVL 

* Minimum illumination: 0.02 lux (IR off), 0 lux (IR on) 

* Lens: 9.0-22.0mm/F2.0 Autoiris with ICR 

+ IR range: 40m 

+ Power requirements: 12VDC 

* Current draw: 840mA max 

* Dimensions: 180(L) x 106(W) x 110(H)mm excluding bracket 
QC-8613 


QV-8105 


2.5" LCD Electronic 
Door Peep Hole Viewer 


of a button. The camera is no bigger 
than an original fish eye 
viewer and looks the 
same from the outside. 
It is very simple to 
install without 
compromising door 
security, it comes 


$199 
complete with an 


installation tool and AA batteries. 


* Screen measures: 146(W) x 90(H) x 30(D)mm 
QC-3267 


10 Zone Wired Alarm Kits 


Fully configurable and programmable, these wired alarm kits 
give you complete control over a professional system for home 
or business. Each kit comes with a central controller and the 
sensors you need to get a basic system up and running, then 
you can add sensors and functionality as required. Up to four 
remote keypads can be installed with a 100m range and each 
can be named for easy identification. 


* 10 programmable zones 

e 4 access levels e Walk test mode 

* Events memory in keypads 

* Programmable timers for entry, exit and alarm duration 


Both kits come with the following: 
FROM 
$299% 


Security & Surveillance 


* 1 x Control panel 
* 1 x Bellbox 
* 1x 12V 1.2Ah backup battery 


Alarm with LED Controller 
1x Reed switch 
2 x PIR sensors 


DVR: 65(W) x 54(H) x T 
Camera: 22(W) x 34(H) x 15(0 
QC-8006 WAS $249.00 


Spare controllers and sensors also available: 
LED Remote Controller LA-5561 $49.95 
LCD Remote Controller LA-5563 $69.95 
PIR Sensor LA-5564 $29.95 


Solar CCTV Warning Sign 
A visible deterrent that will really get attention. With a built-in 
solar cell, this CCTV warning sign flashes when there is light 
available. Double sided tape is included for convenient 
mounting to any surface. Ideal for shops, homes, garages or 
anywhere you need to advise 
would-be robbers that you have 
an expensive CCTV surveillance 
system (even if you don't). 


* Dimensions: 80(L) -— | 
$14% } 


x 80(W)mm 
Better, More Technical 


charged and if triggered, the very 


loud alarm sounds. 5 
* Warning sticker included $24 di 
8(0)mm 


+ 3 year warranty 

e Size: 70(W) x 82(H) x 

Two types are available: 

Mini Glass Breakage/Vibration 
Window Alarm LA-5003 $24.95 
Mini Magnetic Entry Alarm LA-5005 $24.95 


LA-5103 


All Savings are based on Original RRP 
Limited stock on sale items. 


Network 4 Channel H.264 DVR with VGA 500GB HDD 


A combined multiplexer and digital 
video recorder that delivers quality 
image reproduction at a touch of a 
button. It will accept up to 4 video 
inputs and its incorporated Ethernet 
capability so it can be accessed (with password protection) via the Internet 
by a standard web browser. Also access footage on your iPhone® or other smart phone 
after downloading the compatible app. The unit features H.264 compression, VGA monitor 
connection, motion trigger recording, video loss detection, remote network record and USB 
back-up support. The unit comes fitted with a 500GB HDD and includes 
software & manual disc, power supply and quick start guide. 

See website for full specifications. 


h ony 
wy 


Eliminates the small distorted fish eye view of a traditional 
door peep hole. No more squinting or hunching over to peer 
through a small hole. With its big 2.5" LCD screen and built-in 
distortion compensation feature, you are able to see the 
person clearly on the other side of the door by a a press 


The ultimate personal surveillance tool. Capture meetings, 
conferences or lectures with this high definition video and 
audio mini DVR kit. Will store up to 32GB on an SD card, then 
allow video viewing on the 2” TFT LCD screen or download to a 
PC. The kit includes a pinhole camera with different buttonhole 
options so it's completely covert and discreet. Also includes a 


$229% 
SAVE 520 


Solar Powered Mini Window Alarms 
A cost-effective and simple security measure. Peel the backing 
from the self-adhesive mount and position on the inside of a 

window or door. The solar cell keeps the built-in battery 


Rae all 


1 


a 


>),5000 09000 | 
2290 Q al 
Sf 
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2-Zone Alarm Kit 


Simple two zone, two wire alarm for small to medium 
size premises. Included is one passive infrared sensor for large areas 
and a reed switch for one entry point such as a door or window. It also} 
has the visible deterrent of an external siren box and additional 
sensors can be added if required. Everything you need to protect a 
small house or apartment. 


Kit includes: 


1 x 2-Zone control unit 

1 x PIR sensor $ 00 
1 x Reed switch 

® 1x 25m cable she le 
Í LA-5480 

Spare PIR Sensor LA-5481 $24.95 
Budget Four Channel Digital 
Video Recorder with Four Cameras 


This system allows you to monitor and record 4 locations at 
your home or office. This great value digital video recorder 
(DVR) package can store over 150 hours of video on the 
installed 250GB hard drive. Recording set-up is simple and 
various trigger modes can be set across the day including 
timer, motion detection, and manual recording. 


The system comes complete with: 
+ 4-channel DVR with 250GB HDD, USB port, 
and 1 x composite video output 


SFO Li-ion rechargeable battery, charger, AV e 4 x weather resistant colour day/night cameras 
eh a 5 leads, USB cable, software and dummy c ead cables $399.00 | 
| ous buttons for disquising the camera. : | 
$299.00 angst i * Mains adaptor and { 
Alarm with LCD estet j * Recording resolution: Up 720 x 576 user manual 
Controller eee i + Approx 10 hours of video | QV-3063 
2x Reed switch ` * 128MB flash memory WAS $599.00 
4x PIR sensors + Camera resolution 420TV lines Limited stock 
2x 50m cable LA-5562 * Windows XP Vista, 7 compatible 
LA-5562 $399.00 shown Dimensions: 


High quality IP68 rated cameras 
with 3-axis movement through a 
wide range. The power and video Și 
cables exit through the base so 
they are completely concealed from 
prying cutters. Compact and will fit unobtrusively 
into your surveillance setup. They're also 
equipped with IR LEDs so they will work in 
darkness with a 20 metre range. Models 
include high resolution SSOTVL, an 
economical 380TVL and a dummy camera. 


3-Axis Outdoor IR Camera 380TVL 

3-Axis Outdoor IR Cameras 550TVL 
Dummy IP68 3-Axis Camera with 

| Concealed Cable Bracket 


FROM 


$4955 35 | 


QC-8611 $129.00 
QC-8612 $249.00 


QC-8610 $49.95 


To order call 1800 022 388 


| 180kg Electromagnetic Door Lock 


. i ; C 
Operating voltage: 12VD $69% 


| + Current: 380mA 

* Holding force: 180kg 
| + Dimensions: 170(L) x 41(W) x 21(H)mm 
| LA-5060 WAS $79.95 

| Accessories available: 

ZL Bracket LA-5061 $39.95 
Å L Bracket LA-5062 $24.95 


| Compatible with any access control system, magnetic door locks meet the most rigorous building and fire safety codes. No § 
| moving parts, instantaneous release, holding force of 180kg or 280kg. Both operate from 12VDC and are finished in satin 
anodised aluminium. Suitable for in-opening or out-opening doors. Mounting hardware and drilling templates included. 


Professional Camera Mounting Bracket 
with Cable Management 

This is a heavy duty, professional CCD 
camera bracket. It offers the strength _. 
of cast metal manufacture plus the 
durability of a powder coated finish. 
Rotates through 360 on the horizontal 
with almost 90 on the vertical. Cable 
management is provided through the 
centre of the bracket. 

QC-3387 WAS $24.95 


280kg Electromagnetic Door Lock 
+ Operating voltage: 12VDC 

e Current: 500mA 

+ Holding force: 280kg 

+ Dimensions: 250(L) x 49(W) x 25(H)mm 

LA-5063 WAS $99.00 
Accessories available: 

IL Bracket LA-5064 $39.95 
L Bracket LA-5065 $24.95 


External CCD Camera 


| ee | 
Vee Housing Mounting Bracket 


Designed to mount our large indoor/outdoor professional 


Wireless alarms are a great way to add security to your house, | 
| apartment or business without the daunting and invasive 


| protect certain zones while others are disarmed. The kit has 
| everything you need to make your place secure. 


| Kit contents: 

* Siren and bellbox 

* Keypad, PIR sensor 

+ Reed switch, 9V plugpack 


| Features: 

| + 8-zones, 3 mode arming 
* Battery backup 

e Learning function 

|- Panic alarm 

| LA-5150 

| Spares sensors and accessories also available: 
| PIR Sensor LA-5151 $39.95 
| Reed Switch LA-5152 $34.95 
Battery Pack LA-5154 $14.95 


| process of running cables everywhere. The system learns what § 
| sensors are connected and the part arm function allows you to | 


| 


camera housing and professional range of CCD cameras. 
Suitable for internal or external use, 

* Supplied in silver finish 

supports fittings to mount any of our Professional CCD 


camera angle is fully adjustable. ae 

e Bracket height is 290mm 

camera range. i 
[$75 


Add a amine asa imoni and you have a compact 
inspection camera for probing into all manner of places - checking 
for terminates and other rodents, insulation, finding lost tools etc. 
The camera is only 10mm in diameter and has two variable 
intensity LEDs for illuminating the area under examination. 


* Mirror and magnet pick-up tool included $3995 | 


+ Software included % 


+ USB powered 

e Size: 10(Dia) x 520(L)mm 

QC-3383 

Simple, cost-effective surveillance so! for small scale 
indoor applications such as shops and small offices. The kit 
consists of everything required - LCD 

colour monitor, cameras, cables, mains 
adaptor, remote and brackets. See 


H 


+ Maximum Payload 8kg 

+ Heavy-duty aluminium 

Mounting Bracket 

Designed to mount in the ceiling grid, the bracket 


* Mounting screws and wall 

$14% | 
QC-3337 WAS $19.95 i 
* Beige finish 


plugs included 
Small CCD Camera Ceiling Grid 
* Bracket Height: 70mm, 


bsite for ful includes a 30mm 
WeDSIE Tor TUN Specs. extension to extend bracket to 100mm A 
+ Resolution: 480 x 234 QC-3333 WAS $9.95 w 


oor 
uh ) x ii 


| The smallest and lightest CCTV monitor on the market. Setting 
| up and debugging CCTV and surveillance systems has never 
been easier. Rechargeable and ultra-portable. Complete with 
BNC cable, instruction manual and charger. 


* Screen size: 2.5-inch 

e Pixel: 480 x 234 

e Power: 5VDC (with 
rechargeable built-in battery) 

+ Power consumption: 1.5W 

* Weight: Approximately 90g 

* Video input: PAL 

* Dimensions: 85(L) x 64(W) x 20(D)mm 

Á QM-3821 WAS $149.00 


| Colour Armour Dome 
| (Vandal-Resistant) Camera 

| The dome of this camera is made of reinforced polycarbonate 
| and is designed to withstand a 300kg impact without cracking. 
| The base is made of solid diecast aluminium. It features 1/4" 
| Sharp sensor and a 350 TV lines resolution. 

| + Dimensions: 92(Dia) x 70(H)mm 
| QC-3293 


| Also available: 

3-Axis Vandal Resistant IR 
| Dome Camera 550TV Lines 
| QC-8620 $349.00 


$1490} 


www.jaycar.com.au 


$99 00 | | 


apue|jianins B ÁyIməŞ 


A simple low cost solution for communicating. Either station 
can signal the other even when the system is off. It can be 
used as a room/baby monitoring system. / 


* Operates on 9V battery | 4o95 

or 240V plugpack $24 % | | = 

* Supplied with 20m of ` l 
connecting cable and staples. 

Domestic use only. Warranty 

does not apply if product is 


used industrially. 
AM-4310 


Detects transmissions ere 50MHz & 3 O00MHZ Geh. The 
unit can be operated in silent mode with the built-in vibrator & { 
features an RF sensitivity control, a 'battery low’ 
warning light and handy belt clip. Weighs just 90 


grams with batteries. À 
* Measures: 55(W) x $129% 
92(H) x 25(D)mm 
QC-3430 WAS $149.00 
3-Axis Colour Dome Cameras 
3-axis mechanism provides easy installation and enables 
you to put the camera's field of view exactly where 


required. Quality Sony sensors and optics, models include 
high resolution 550TVL and economical 380TVL. 


3-Axis Dome Camera 380TV Lines 
s + Resolution: 380TVL 
* Dimensions: FROM 

110(Dia) x 85(H)mm $99 00 
QC8616 $99.00 eee 
3-Axis Dome Camera 550TV Lines 
+ Resolution: SSOTVL 
+ Dimensions: 110(Dia) x 85(H)mm 
QC-8617 $199.00 


3-Axis Vari-Focal Colour Dome Cameras 

Varifocal dome cameras with 3D gimbal mount enabling the camera to 
be mounted in almost any direction on a roof or wall. These cameras 
also feature 20m infrared illumination & varifocal autoiris lenses with ICR. 


3-Axis Dome Camera with IR 380TV Lines 

* Resolution: 380TVL FROM 

* Dimensions: 110(Dia) x 85(H)mm $1 89 00 
QC-8618 $189.00 q a 
3-Axis Dome Camera with IR 550TV Lines 

* Resolution: 550TVL 

* Dimensions: 110(Dia) x 85(H)mm 
QC-8619 $269.00 


Limited stock on sale items. 
All Savings are based on Original RRP 


Better, More echnical 


{ HDMI Over Cat 5/6 Extender 

| Most HDMI over Cat 5/6 extenders 
available use two cables for data 

| and signal transmission. This 
| extender only utilises one Cat 
5/6 cable reducing the cable 
| costs further on transmission 
| over great distances. Both 
unshielded twisted pair (UTP) 
| and shielded twisted pair 
(STP) cables may be used, 

| however shielded is recommended. 


Bitters, 


Pitre ny 


$129 | 


SAVE $20% ` 


+ Size (sender & receiver): 
| 100(W) x 66(D) x 26(H)mm 
| AC-1681 WAS $149.00 


| 4-Way AV Selector 
Connect up to four AV 
| devices such as DVD players, 

| VCRs or gaming consoles "i 
| with a single output to your TV and 
| switch between them as required. Inputs can be either 
| composite or S-video. Easy-to-use pushbutton front panel. 


= Composite and S-video inputs 
+ Dimensions: 190(W) x 112(D) x 47(H)mm 


| AC-1652 
| 4 Input AV Switcher © 
with Remote 

| | Switch between four composite or S-Video inputs, 

| including stereo audio, and output to composite or 

| S-Video. Control everything via remote. 9VDC mains 


| adaptor included, remote requires 2 x AAA batteries. 
| + Dimensions: 200(W) x 45(H) 


x 108(D)mm 
$39 95 


| AC-1653 
, Due mid April 


fo 


( Mini MicroSD Card Speaker 


| Now you can take the music wherever you go. It’s a 

| rechargeable active speaker in a solidly built aluminium 

| casing. It can take a MicroSD card full of music files and play 

| them in order or you can pause, play or skip to another track. 

| It can be used as a laptop or computer speaker or plugged into 

| a range of other devices such as iPods®, iPads® or any device 

| that has an earphone jack. It also has an 

| internal battery for charging via USB. 

e Dimensions : 74(L) x 
50(W) x 52(H)mm 

| XC5176 

„ Due mid April 


f 
| 
| 
| 


$3995 


|4- -Way AV Component Distribution 

| Amplifier 

| Offering the extra flexibility of 
component video, this AV 
distribution amp allows 

| you to take advantage of HDTV on 

| digital pay-TV and free-to-air. Distributes one set 
| of component and stereo audio inputs to four outputs. 


| Mains adaptor included. 
e Supports up to 1080p resolution $1 09 00 


* 12VDC 500mA power supply 
| * Dimensions: 190(W) x 90(H) x 23(D)mm 
\ac 1648 


Better, More Technical 


| any car cassette player or use it 


| music files, load it into the 
| cassette deck in your car 

| stereo and control the 

| music with the remote unit. You can also plug in your 

| headphones and use it as a stand-alone MP3 player or connect 
| to your PC using the included USB cable. 


/ Composite Video / S-Video to 


| Designed to convert standard 


Composite and S-Video output with 
signals from DVD coax and SPDIF audio ¥ : 
players, set top boxes, output 
gaming consoles etc. to m ; 
f either RGB or YCbCr component i ih be ala 
: } p resolution 
video for connection to SDTV or + Amplifier bandwidth 2.25Gbps/225MHz $99 0 | 
projectors. It is easy and simple to use, + Dimensions: 155(W) x 70(0) x 23(H)mm SAVE $20% | | 


| the unit automatically recognises the source input and has a 


‘Cat 5 AV 4-Way 


| An integrated solution for 


extending AV signals over Cat 5 Vista, and 7 ae | 
f : s 7 —— j i PAD 

cable. oe pet oe A 3 è & * Dimensions: 120(L) x i p 

in a wallplate assembly an $ e € 57(W) x 21(H)mm N P 

allows extension of up to 300m. = $- > s | xC4976 w p 


MP3 Player to Cassette Adaptor 


Play your favourite MP3 tracks in 


| 2-Input HDMI Switcher 


| The tiny switcher routes high definition video (in multiple 
| resolutions up to 1080p) and digital audio from any one of the 
two sources to display unit. Two inputs accommodate the l 
simultaneous connection of upto two high definition video 
sources, such as satellite systems and HD DVO players. 
Switching is done automatically when signal 
| is present on the ports or 
| manually via the push ge 
| button switch on the 
| unit. 
* Dimensions: 80(L 
43(W) x 15(H)mm 
| AC-1691 WAS $44.95 


4 Port HDMI Switcher with 
SPDIF/Coaxial Audio Splitter 


HDMI integrates audio and video signals; however it results in 
less than optimal audio output. This 4 port HDMI switcher 

separates the audio signal from the HDMI interface and transmits | 
| it to. an amplifier by SPDIF or coaxial (RCA), IR remote included. 


* 4x HDMI inputs, 1 x HDMI 


as an MP3 player. Just plug i in 
your media card with your 


* Supports SD, mini SD and MMC cards 

+ Remote cable 450mm long 

+ USB cable and cigarette lighter adaptor 
included 

+ 8 hours playing time from one charge. 

AR-1764 WAS $69.95 


$39 95 


{ 


SAVE $30% ` 


X 


$34% 


save 510° | 


Component Format Converter 


1 AC-1625 WAS $119.00 


power saving mode. 


* Suitable for worldwide video system of NTSC3.58, NTSC4.43, 
PAL, PAL-M, PAL-N and SECAM 
+ Supports composite video 


/ Remote PC Control Over ZN 


fen) 


and super video input $429 00 Ethernet Adaptor 1080p 
+ 5VDC Power supply included i | 
+ Dimensions: 145(W) x 90(L) x 32(H)mm SAVES20" fi Want to play games, browse the net or watch the footy on your 


| TV when the computer is in another room? This adaptor allows 
| all of the above over a simple Ethernet connection. It features 2 
| x USB ports to connect a keyboard/mouse for remotely 
controlling a PC and 2 x 3.5mm sockets for audio and 
microphone input. Output is to DVI which may require an 


| adaptor for connection to your flat 
$149 


AC-1629 WAS $149.00 


Distribution Wallplate Hub 


| panel TV. 
| + Supports Windows XP 


Includes transmitter, receiver, IR 
emitters and power supply. 


+ Bandwidth video: DC - 12MHz 
+ Bandwidth audio: 50Hz - 15kHz 
+ Power supply: 12VDC 500mA 
QC-3689 WAS $169.00 


| Recommended accessories: 
| DVI to HOMI Cable WQ-7407 $34.95 
Wireless Trackball Keyboard XC-4941 $99.00 


These allow you to greatly extend your cable range using 
| conventional Cat 5e cable, enabling you to extend the 

| propagation distance or pipe your AV signals over conventional | 
4 Way AV Stereo Distribution Amplifier network cable runs. Two types available for complete flexibility: | 
Designed to split a stereo AV signal across 4 
channels without loss of 
image or sound quality. 
You can wire any room 
where you would like to 
access audio and video 
from a central source. You W 
can also use it to record to up to four sources 
at the same time. 12VDC operated. Mains 
plugpack and input cable included. 


* Dimensions: 176(W) x 90(H) x 25(D)mm 
AC-1646 


Composite Video & Audio 
| Cat 5 Extender 

| QC-3680 WAS $39.95 

| NOW $29.95 SAVE $10.00 


2 
° 


a 

Ge | 
a e œ 
4 T Ə 


| Component Video 
| & Digital Audio 

| Cat 5 Extender 

| QC-3684 WAS $49.95 
NOW $39.95 SAVE $10.00 


$2995 
579% ar 


All Savings are based on Original RRP 
Limited stock on sale items. 


To order call 1800 022 888 


+ Projecting only 10mm 


| + Spring-loaded cleats locks 
| CW-2823 $49.95 


| Still got an analogue radio? Upgrade to the infinitely superior 


| clear stereo sound, zero interference as well as song and artist 
| information on a bigger range of stations. 6 x AA batteries 
| required or use the included AC adaptor. 


|» DAB+ or FM $89 00 


Á AR-1756 


/ 5.8GHz HDMI Sender TV Signal Splitter 


| Not cheap, but definitely the best. If you want to send a 
| wireless high definition HOMI signal, this is the product for you. 
| Simply connect the transmitter to the HDMI equipped TV in the | 
| remote location. This device lets you enjoy the benefits of 
f watching Pay TV in the bedroom in full-HD 


* Dimensions: 180(L) x 


A AR-1875 WAS $499.00 


/ Crystal Radio Kit ‘Build it Yourself! QE 


| Enjoy AM broadcasting without using battery or other power 
| sources. Ideal for entry-level students or hobbyist 


| kv.3540 


Our range of universal LCD, plasma and LED TV brackets are 
| ideal for most installations. 


| + Mounting hardware and instructions included 

| 3 of our top selling models: $ 49 95 | 
f Slimline LCD/Plasma/LED TV Bracket ie Lae 
| + Suits TVs from 32 to 


f Stereo DAB+ FM Radio ‘HDMI Type A Plug to Type D 4, \ 


"Micro" Plug Lead 2m Ww 


HDMI Type D or "Micro" plug has been designed for full HOMI 
output from the smallest of portable devices. The plug 
supports HDMI version 1.4 with Ethernet and is 

| capable of transferring full 1080p signals 

while being smaller 

than a micro USB plug. $44 95 | 


* Cable Length: 2m 
* Type D plug: 6(W) x 2(H) x 6(D)mm 


Digital to Analogue Audio Converter 
Connect a coaxial or optical (Toslink) audio source to this | 
device and it will output to R/L composite analogue. Useful for | 
connecting DVD/Blu-Ray players to displays or audio 
equipment that have no digital audio input. 


+ Integrated digital interpolator filter and 
D-A converter 


* Stereo audio inputs > ` f 
| + Dimensions: 42(W) x $5995 A O 


DAB+ format for instant station selection, digital clarity, crystal 


* 10 station presets 
e Clock and alarm 
+ 3.5mm headphone outlet 


+ 2 Xx 2WRMS output WQ-7911 5 ê 
+ Dimension: 220(W) x ss a ete SAVE $10% 
110(H) x 100(0)mm 


Analogue to Digital Audio Converter 
| Convert a stereo analogue audio signal to coaxial and Toslink 
| outputs simultaneously. It also supports uncompressed 2- 

i | Boost your TV signal indoors. The channel LPCM (Linear Pulse Code Modulation) digital audio 
with Remote Extender | antenna lead is plugged into the amplifier, N ® signal output with sampling rate at 48kHz. Both optical fibre 
and there are two outputs for two TVs, both which $ Band coaxial cables connected to the outputs 
have a 12dB boost. One outlet can be used for FM of the unit can be run up to 5 metres 
} stereo if desired. Runs on 240VAC mains, and $4995 i h pori a dronda ‘ 
includes a LED power indicator. Australian made. and quality audio signal transmission. 
11-3288 i 


Bi l : $399 00 | + Audio delay (150 min-seconds) 
quality without expensive cabling and | TA A Nei igi 
| installation. Includes IR sender /repeater. SAVE 100%) Indoor TV Amplifier Splitter ¥ la at 
| + IR remote extender built-in onion This unit is an analogue and digital television = E- Power: SVOC power adaptor included $69 
+ HDCP 2.0 and CEC compliant splitter/amplifier for use in multiple receiver applications. + Dimensions: 67(W) x 50(0) x 23(H)mm 
+ HDMI 1.3 complaint The amplifier has F type input/output connectors and AC-1611 WAS $79.95 SAVE 110; J] 


features variable gain on the VHF band. It operates from 
240VAC and is mounted in 

| a white ABS housing with Y 
integral mounting lugs. 

Frequency range: 


40 - 860 MHz 
| + Size: 60(W) x 40(H) x 85(L)mm $99 00 


+ Up to 1080p /60Hz 
video resolution (full HD) 
* On-screen status display 


Digital Indoor/Outdoor Antenna 


With its 
E contemporary 

| space saving 

design enables it to be 
mounted on a wall - great for Pi | 
apartments and those with minimal 
| space. AC adaptor included. 


with little electronics experience. Includes 
tae ; | + Frequency: VHF - 174-230MHZz, f 
circuit explanation. | i eee $99 00 | l 
* Kit supplied with silk-screened PCB | | + Antenna gain: 10dB ee ae 
(81x53mm), crystal, pre-wound coil, <ER a? CEN | + Total gain: 40d8 
earphone and all components. r : | * Dimensions: 502(L) x 235(W) x 76(H)mm 
p $125 


Digimatch UHF/VHF te 
Diplexer with DC Bypass — 


To install a VHF and a UHF antenna on the 
| same cable, a diplexer like this one is 

} required. Easy installation and the cable 
entry is sealed against the weather. 


| + HDTV compliant 

Í + F connections for faster installations 
| + Fully screened and weatherproof 
Dimensions: 112(W) x E, 
108(H) x 35(0)mm $2995 
17-3082 nani T 


140(W) x 39(H)mm 


Buy a Gift 
; Card Today! 


g 
Jaycar 


Models available to suit LED/LCD/Plasma TVs from 23 to 60" 
VESA standard compliant 
Solid steel construction 


| AV/RF Modulator 


| Got an old telly with no AV inputs? No 
| problem. Modulate the AV signal from 
| S-Video or composite video signal and 
convert it to RF that you can connect 


Professional VHF Wireless Microphone System | straight to the antenna input as a UHF 


| signal. 
| + Mains plugpack $64% 


60" up to 80kg 


CW-2823 


from the wall 


|A professional wireless VHF microphone system with enhanced signal reception. 
| Ideal for performers on the go, churches or halls etc. Includes 2 microphones, 1 


Í Plasma TV Walll Bracket 180 Degree Swivel wireless unit, and plugpack. Microphones require 2 x 9V Bm included. + | 
| + Suits TVs from 32 - 60" up to soko batteries (not included). | LM-3879 SAVE $10% | | 
| = Tilt range is +15°, the extension arm is 660mm long + High-precision quartz crystal locked © g WAS $74.95 
* Allows installation on 450 or 600mm stud centres frequency $9 9 00 E, 
CW-2825 $149.00 + 12 hour battery life E 
Plasma/LCD Bracket 45kg * Up to 80m range iiir 
* Suits TVs from | + Dimension:195(L) x 145(W) x 42(H)mm 
| 23 - 37" up to 45kg AM-4071 
| * Mounts flat or at fixed 5° angle | Also available: 
e Safety lock for security | Lapel Mic Channel A AM-4057 $29.95 
A CW-2826 $59.95 CW-2826 JN lapel Mic Channel B AM-4059 $29.95 


Limited stock on sale items. 


WWW. J ayca .com.a u All Savings are based on Original RRP 


Me Configure the light in any of three different ways: a hand-held 

| torch, headlamp or a handy lantern. The head a 
torch comes with its own battery pack and 
Í head band and the lantern makes the ideal 


| tent light for camping. 
Lanyard and tripod included. $49 2 


Be - Requires 1 x CR123A, 


Bulletproof machined aluminium construction and O-ring 
sealed for all the rigours of professional work. The 
tailcap has a tactical switch suitable for 
military, law enforcement and 
security work. Requires 3 
AAA batteries. 


Mains Power Meter 
| How much does that device cost to run? This 
| unit plugs into a normal power point and 
turns it into a real-time power monitoring 
outlet. You can enter the local price of your 
electricity and the meter will tell you 


| exactly how much the i * Output: 120 lumens 2x AA batteries 
| appliance is costing to run. = $19 95 I + Size: 148(L) x 34(Dia)mm + Output 1201m p= 
| MS-6115 51-3399 WAS $19.95 + Torch 98(L)mm 
| aie aS FA ST-3391 WAS $69.95 z 
| Mains Standby Power i een 
Saver with IR Receiver § 
| Save on energy bills and reduce your carbon Š | This unit will charge both your main and 
ee tira ape Ws auxiliary bateries when he engine Save energy with one of these solar spotlights! 


Í consumed by appliances when they are in 

| standby. Once it detects that they are in standby 
| mode, it will switch them off completely after a 
| short delay. Switching all your 


appliances on again is as simple as eae 
| pressing the on button on the 


| remote control. 
aadi- $3995 

| * Dimensions: 128(H) x 65(W) x 40(0)mm 

| MS-6146 a 


Í is running and automatically isolate 
the engine battery when you stop. 
This lets you run fridges & lighting 
etc. from the auxiliary and 3 
preserve the engine battery for ag 

starting. 


* 12 - 48 volt operating range 

+70 amp current capacity 

| + Size: 83(W) x 114(L) x 79(H)mm 

* Dual battery support 

+ -40°C to 80°C operating temperature 
* 0.9VDC voltage drop @ full load 
MB-3670 WAS $119.00 


When darkness falls, the spotlight switches on automatically. 
Í They use high-powered LEDs and a built-in solar panel to 
| charge the internal batteries during the day and allows the 
| system to operate during the night. 
| Solar Powered LED Spotlight with 
| Passive Infrared Motion Sensor 
f * 30 LEDs 
| + Illumination duration: 20, 40, or 
90 sec. PIR controlled 

$69% | 


| PR Sensing range: 


15 metres 

SL2718 WAS $99.00 
| Solar Powered LED Spotlight 
| + 30 LEDs 
| Illumination 
duration: 10 hours 
f S412716 
| WAS $149.00 


Wireless 3-Outlet Mains Power Meter 
| Simply plug an 

| appliance into 

| each sender ý ? ES | ; rae 

| unit, enter local ee. = we EN Raol 
electricity price eee iar . & limline LED 
| and monitor the | ##***°* ` pem 

| usage on the LCD 
Í receiver unit. Monitor the cumulative usage via the memory as $ 


| well as the greenhouse gas emissions. It also has a clock and 
| alarm function. 


| + Frequency: 433.92MHz | $79 95 J 


gya . 


Read comfortably without disturbing 
those around you. The light has two 
brightness levels and uses three 

E super bright Light Emitting Diodes 

| to flood your page with light and 

| make reading a breeze. 


® + Compact and lightweight 

im Batteries included i 
* Size: 40(W) x 105(L) x 10(D)mm 
ST-3980 WAS $12.95 


| Solar Powered LED 
Garden Spotlight 
| +11 LEDs 

| + Illumination $499 
| duration: 10 hours 
Á SL-2714 WAS $59.95 


* Transmission range: 30m 
| + Receiver requires 3 x AA batteries arean 
| MS-6116 


| Battery Zapper se KN i S 
| Mk III simply plug in any mains appliance rated up to 10A and use the remote to turn each one on or off individually, or control all 
| The popular battery zapper kit has BE of them together. One of the outlets also has an LED night light that's also operated with the remote. Not just for couch 

| gone through a couple of upgrades and this is the latest easier- $ potatoes, it also has real benefits for the elderly or disabled. 
Í to-build version. Like the original project from 2005, it attacks a $, 433MH 

| common cause of failure in lead acide batteries: sulphation, $. R an fteninduited $ 95 | 4 : 2s 
| which can send a battery to an early grave. The circuit produces $ Pande picts J ai 45(H) x170 44 | enti om 3 
| short bursts of high levels of energy to reverse the sulphation $ Pegi measures: 125(W) x 45(H) x 17(0)mm maeninnmeel 2 — 
| effect. The battery condition checker is no longer included and § ‘ 


| the circuit has been updated and revamped to provide more Spare Mains Outlet with Light MS-6143 $17.95 FA fy a 
Mains Outlet/Night-Light with Remote  MS-6145 $24.95 1 


b ee 1] 
s A 7 j 
a3 ae = a 


| reliable, long-term operation. It still includes test points for a 
| DMM and binding posts for a battery charger. l 
| * PCB with solder mask and overlay 95 C mamaaa 
| All electronic components $79% | LED Battery Voltage Indicator Kit 


SLA Battery Health Checker Kit 


Í + Screen printed machined case nay : : : ; ; 

z 4 12 ENOC eee t This tiny circuit measures just 25mm x 25mm and will provide The first versions of the battery zapper 

bord power indication and low voltage indication using a bi-colour included a checker circuit. The Mk III 

| Note: Not recommended for use with gel batteries LED. The LED will be green when above the set point & red battery zapper (KC-5479) has a separate 

| KC5479 when below. The set point is adjustable using a trim-pot. The tee : te this is it. It checks 

: ircuit is sui i - the health of SLA batteries prior to 
Voltage Requlator ' circuit is suitable for equipment powered from about 6 e \ batteries pr 

| ge Regulator Kit $165 | 30VDC. With a simple circuit change, rE charging or zapping with a simple LED 


| This handy voltage regulator can provide 

Í up to 1,000mA at any voltage from 1.3 to 
| 22V0C. Ideal for experimental projects 
| or aS. a mini bench power supply etc. 


| + Kit supplied with PCB and all 
| electronic components. 
IL KC-5446 


condition indication of fair, poor, good etc. 


* Overlay PCB and 
electronic components 
+ Case with machined and $79 95 
silk-screened front panel 
KC-5482 


a the bi-colour LED will produce a red 

glow to indicate that the voltage 

has exceeded a preset value. 

* PCB, bi-colour LED and all specified 
electronic components supplied 


A KA1778 $995 | 


m D im umanan 


Better, More Technical iessoxosaetens. To order call 1800 022 888 


‘High Quality 5.5" Electrical Shears / Windscreen Mount Suction 


Bracket for iPhone®4 


wth erated blades and insted handles, ©) ETIT 60W Lead-Free Soldering 


impressive cutting ES = iPhone®4 on the windscreen where it's § Station with LCD Panel 


ability. Ideal for cutting easily accessible, the strong 80mm ® This excellent soldering station is i. 
| insulation, heatshrink, spaghetti and light duty diameter suction mount will keep it particularly suited to lead-free soldering 


sank i : securely attached. The ball and socket and is just as capable with ordinary leaded i tg 
| ma ma $65 | Buy 2 for $9 joint enables positioning for maximum E solder. the soldering pencil is fitted with a e 
A J  Save$4” effectiveness. soft insulated rubber grip and has a silicon | 


HS-9008 rubber sheathed power cable. 
Caution: The use of windscreen-mounted devices is ammam Mains operated. a i 
illegal in some states, so check with your local + Microprocessor controlled 


traffic authority before using this device. Always 
ensure it is mounted so that it does not obstruct $1 9 95 * Temperature range 160°C to 480°C 


your view or cause a distraction. =se ga + Set and actual temperature display 
sc eermemneecnenenien TS-1390 


Just like a .38 Special, this screwdriver has a rotary magazine i i 200g Solder Roll 


A eee | , AJI 60/40 sader on ti 

| magazine, If you h attempted Lb bin r l 

inserted into the ratchet head ready to go. The handle stores 4 roi ai a om rat: | - a ae Bad oats | 

f reserve bits and 8 other bits are included, but you can add any your gaming console, you AN i | 

| 4mm hex drive bit if needed. know that the right tools id l 
* PH: 00, 0, 1, 2 95 can make the difference : j 7 Meta Deso er Too $1 6% ai 
+ Slotted: 1.5, 2, 3 $9 between a good experience and a bad one. Everything you $ Made from lightweight metal 


* Torx: T5, 16, 18, T10 need to get into your gaming console & accessories. Includes and has strong suction. ere 
| + Dimensions: 168(L) x 26(Dia)mm SAVE $5% tools for pretty much every console and handheld on the g TH1862 stil 
Á 1D-2108 WAS $14.95 piitan market today - WII®, X-Box®, Playstation® etc. l 

: Carry case included. See website for contents. 


10-2109 Solder Flux Gel 10g Syringe 


PETE meme 
z. Part Na: Wa 
A mildly activated, resin-based flux formulation developed for 


| a i An electronic tool kit with all the a wide range of applications, leaving a pin-probable residue. 
| Engrave your valuables for security or insurance. The tiny essentials - cutters, pliers, i g Very low post-process residue, which remains clear and 


| diamond coated tip spins at 10,000 RPM so you can personalise $ Phillips head, slotted, Pozidriv, , probable even at the higher temperatures required for lead 
| tools, sporting gear, toys, put security IDs on valuables etc. nut drivers etc. screwdrivers free solders. 
| Engraves glass, ceramics, metals and plastics. Batteries and case HB etc. Ideal kit for the computer” Y 10a syri 
| included. Tip is replaceable. $1095 service industry or IT. See . apr netiig 
e Size: 160(L) x 15(Dia)mm 19 J website for full contents. + Suitable for lead-free solders 


| TD-2468 mna Case size: 210(L) x 140(W) x 38(D)mm | If -Reduces or eliminates voiding $1 9 % 
4 Replacement tip sold separately TD-2469 $6.95 10-2107 | JB NS-3039 eal 


) 


| Digital Luggage Scale Universal GPS/PDA Car Charger 38 Ch Rechargeable 


| Pack one of these on your next trip and avoid nasty surprises Ideal for powering a GPS or other mobile device. This handy Handheld 0. SW CB with Torch 
f at the check-in counter. fr adaptor plugs into any 12 or 24V cigarette lighter socket and Perfect for camping, bushwalking and road 
l. Requires 2 x AAA batteries — < provides 5VOC output. It also has an trips, this CB has a built-in LED torch with 
+ Capacity: 40kg auxilliary cigarette lighter 3km range and up to 30 hours battery life. It 
+ Tare and auto-off socket so you can use 
other devices while 


+ Backlit LCD 


does all the normal CB functions and includes 
j desktop charging cradle, AC adaptor, two 


* Overload and low battery indication $1 9 95 | it's in use. $1995 transceivers and batteries. 
| + Size: 122(L) x 85(H) x 25(W)mm J * Lead length 1.2m 19 + Power output: 0.5W $ 95 
| QM-7232 eee MP-3046 WAS $29.95 SAVE S90° ) j + Charging time: 6 hours 69 
| 40W Portable Folding Solar Panel — + 38 channel cane 
| Excellent for your next camping, 4WD or boating trek, this fold Alcohol Breath Tester DC-1007 
| away solar panel and charging kit allows you to easily charge It measures up to a blood alcohol level of 0.2%. Response 


| your batteries (not included) allowing you to run power, lights, time is less than 8 seconds - all you do is wait about 10 


| TV etc wherever you stop. Each model features alligator clamp seconds then blow into the sensor to give a Silicone Rescue Tape 


| connections on a 4m lead, has the charge controller included reading in blood alcohol percentage or ili Rescue tape is a self-fusing tape made of the highest quality 
| so you can connect directly to your battery without fear of mg/litre. Requires 2 x AAA batteries. materials for'a'pemanerit air tight and T ee 
| over-charging, and is supplied with a heavy duty metal carry * Compact purse or glove box size aan ds — pona ae sealing hoses in your 

| handle and latches, plastic «<8 second response time car/ erik iy tar Meends o (ope; 

| protective corners and a + Backlit LCD wap tool aa aia p "g 

| aie ; seals or to insulate electrical wiring, Tightly 

| dirabternylon carry bag, * Dimensions: 103(l)x $249 | wrap the tape for a quicker bond. Resists 

| Dimensions: 37(W) x 19(H)mm SAVE $5% fuels, oils, acids, solvents, salt 

| + Open: 840(W) x QM-7298 WAS $29.95 SAWE°ST j water, road salt, UV rays. $1 9 95 

Í 420(H) x 36(D)mm NA-2829 

| + Folded: 420(W) x Please note: this product is intended to give an amn 

l 420(H) x 73(D)mm indicative reading only and is carries no guarantee 

f of accuracy. Jaycar accepts no responsibility for any 


| 7M-9132 


NS 


consequence arising from the use of this device. 


aana n nents 


Limited stock on n sale items. 


WWW. jaycar. com. a U All Savings are based on Original RRP 


| Don't let its miniscule size foo! 
| you! Shine a lamp on its 4 
| solar panel and watch it 
| travel across your desk. 
| Shine a higher 

powered torch on it and 
| you'll see it take off at a 


: ; RAS ? Test your family and friends' music knowledge with this 
The trackball works as a mouse and you can type numbers or text in the $ interactive music quiz that you control! Game options include 
} same way you do with a mobile phone. It also has quick-launch keys, plus $ ‘name that track’, ‘beat the intro’, 'name the artist’ and ‘sing 
controls for multimedia use - play, pause, record etc. You can | the next line’. Or make up your own game - gum... 
| also program macros or single commands into any key. No ®© 


: i 4 ) | | the possibilities are endless! 
software or drivers needed - just plug in the USB receiver. Spek le with f 
Requires 2 x AA batteries. Speaker console with four team 


buzzers and LCD points display l. 


| surprisingly furious pace. Adjust the * 2.4GHz 10 metre range $69% Quizmaster controller with music # ya ~ 
| front wheel steering so it goes around in circles. + 19mm optical trackball & mouse keys start/stop button, points buttons, crowd lies 
Comes in its own see-through screw case. Suitable $ * USB dongle receiver sound effects, three music distortion R) 
for ages 8+ * Microsoft Windows XP buttons and volume control 
MCE/ Vista compatible + MP3 player (not included) connection». 
* MCE hotkeys to the Quizmaster controller 


Í + Requires 3 x AA batteries 
| + Suitable for ages 8+ 
GE-4233 WAS $39.95 


| + Dimensions: 180(L) x 50(W) x 30(H)mm 
s XC-4940 WAS $89.00 


| + Dimensions: 31(L) x $9 %5 j] 
20(W) x 15(H)mm | 
{ GT-3750 WAS $14.95 } 


® ideal to keep in your sports bag to use 
$ after a big workout. Can also be used as a 
E normal fan by removing the water bottle. 
$ Runs on 2 x AA batteries 

® (available separately). $695 
Æ GH-1073 WAS $8.95 


pr its own power supply and disay cable, then this USB monitor is perfect. It's great if you're 
ny playing a game and still want access to your IM program like MSN or Skype. The screen has a 
nifty little rotatable stand and the display can be adjusted accordingly for portrait or landscape view. 


* Compatible with Windows 2000/XP/Vista/7 $21 9 00 
+ Dimensions:188(L) x 114(W) 35(H)mm 
| QM-3748 WAS $269.00 


Protects a car battery from total Eran by switching off 

| appliances such as fridges and TV sets before the battery voltage $ Control DC loads such as motors, = etc. Pulse Width 

| drops to an unrecoverable level. When battery voltage is re- {E Modulation (PWM) also allows electric motors to start smoothly | 

| established by recharging, it switches appliances on automatically. jt low RPM. Control range is approximately 5% to 95% of 

| The interrupting voltage is adjustable from 10.4 to 13.3 VOC. | maximum output, set with a 47k potentiometer. 

| + Operating voltage: 12VDC | + Operating voltage: 9 - 28VDC 

| + Max. switching current: 20A | + Max. current carrying capacity: 10A 

| + Interrupting voltage: 10.4 - 13.3VDC with heatsink, 5A without 

| + Resetting voltage: approx. 0.8V (+ heatsink A i 
0.3V) above interrupt voltage * Control range: < 5% to > 95% z . 

| + Current consumption: < 0.7mA when OFF, ® Control mode: Pulse Width 

|< 1.6mA when ON ® Modulation $69 95 i 

| + Dimensions: 87(L) x 60(W) x 32(H)mm BB «Dimensions: 86(L) x 60(W) x 33(H)mm K zE 

h AA-0262 Å AA-0349 


Í This unit sounds uncannily like the light 
f sabre seen in the Star Wars® movies. They 
| have the swooshing sound 
when held stationary and 
make that famous noise 
| when they are waved 
f around. They also change 
| colours & glow 

quite brightly. 
| + Extremely light and durable 
| + Size: 710(L) x 48(Dia)mm ' 
| “Star Wars” is a registered trademark of LucasFilm Ltd. $19 35 } 
Á GT-3520 iiini 


Ideally suited to smaller surveillance installations around the home or office. These 4 channel systems can store over 150 hours of video on the 320GB HDD. Recorded video is indexed in an event log 
| and can be viewed via a computer or external monitor. Complete with weather resistant IR cameras, cables, remote control and mains adaptors. 


| DVR 
ý : Camera QV-3020 shown 
Lag “hse ns Nod ae 
|. MJPEG compression * Inbuilt infrared illumination 4 Channel DVR Kit with 2 IR Cameras 
i. hard drva intei * Day/night operation QV-3020 WAS $499.00 NOW $379.00 SAVE $120.00 
SATA har + Spare camera available 4 Channel DVR Kit with 4 IR Cameras 


5 R Ml separately QC3239 $59.95  QV-3024 WAS $599.00 NOW $499.00 SAVE $100.00 
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Thanks for the dodgy memory = not 


Buying at the lowest price doesn’t always 
save you money, especially if the person 
selling you the gear doesn’t know what they 
are doing. That certainly applied to a laptop 
I encountered recently — you won’t believe 


what they did to it. 


It’s not unusual for people to reject 
our quotes for new computers and 
instead buy from the big retail stores. 
That’s because there is no way we 
can match the store’s buying power, 
although we can offer superior sup- 
port. Despite that, many of our clients 
do choose to pay a bit extra just to have 
good service back-up. 

However, loyal customers become 
scarce in times of recession and I can’t 
blame anyone for going elsewhere 
and saving what can often be a few 
hundred dollars on a new PC. In one 
such case, a client procrastinated over 
a laptop sale and after a lot of thought, 
he finally decided to go elsewhere and 
pay less. He even managed to better 
the deal there by getting more RAM 


RIGOL DS-1052E 50MHz 


installed at no extra charge, which 
many shops will do these days in order 
to secure the sale. 

Unfortunately though, it didn’t all 
go smoothly for him and a few months 
later he was back in our reception area, 
bemoaning the service he’d received 
and eating crow. The machine was 
playing up and he was willing to pay 
whatever it took to get the thing going 
properly again. And he swore (liter- 
ally) that he’d never go back to that 
other place. 

The symptoms were that it would 
spontaneously shut down, sometimes 
with movement or a tap on the side, 
sometimes without. He had taken 
it back more times than he could 
remember and after much gnashing 
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@ Laptop memory butchery 
e A dangerous fan 

@ Light dependent diode 

@ Playing doctors & nurses 
@ GMC/Homelite 1kV generator 


of teeth and wringing of hands, they 
had replaced the hard drive and moth- 
erboard. This didn’t fix the problem 
though and the laptop still continually 
shut down. 

So why didn’t they just do what 
I would have done and given him a 
new one? Experience has shown that 
you sometimes just get a bad egg and 
no matter what you do, it will never 
work properly. In the end, it is really 
no skin off our (or their) noses, as the 
manufacturer simply replaces it in 
good faith and take cares of the old one, 
probably by throwing it into a skip. 

Anyway, we accepted the challenge, 
more out of professional curiosity 
than anything else. On testing, sure 
enough, any sudden movement would 
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TECHNICAL DEPARTME: 
QUALIFIED OR <SUMMINID 
PERSONNEL ONL: 


~SO SHE TOOK THE WHOLE THING “OUT THE BACK” 


cause the thing to shut down. I didn’t 
even have to hit it, although Pll bet it 
had been hit in frustration quite a few 
times in its short life! Instead, simply 
shaking it lightly but firmly resulted 
in a shutdown. 

Obviously something was loose 
somewhere, but what? Was it the bat- 
tery connection? It happened whether 
the battery was plugged in or not, so 
that was out. What about the hard drive 
connector? The motherboard and hard 
drive had been replaced, so that also 
seemed unlikely. 

I stripped the machine down to its 
bare bones and set it up to run with- 
out the case and covers. After firing it 
up, I went around and lightly tapped 
everything I could access with the 
butt end of a small screwdriver. I also 
tried twisting the screwdriver’s shaft 
back and forth between my fingers so 
that the fluted handle “rattled” lightly 
against the edges of the motherboard 
and the chassis. 

But despite all this tapping and in- 
duced vibration, nothing could make 
it fail. And so, with much juggling of 
parts, I turned the whole caboodle over 
so that I could repeat the exercise on 
the bottom side of the board. The most 
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prominent objects on this side were the 
memory modules and one tap on the 
top module shut the machine down 
instantly. Ha-ha! 

By this stage, I was cursing myself 
for not taking the memory out and 
trying it before stripping the machine 
down (and wasting so much time). 
Anyway, I removed the module and 
tried again. This time, it was as steady 
as a rock, so I reassembled the machine 
and ran it without that module. I 
couldn’t fault it so I put the memory 
back in only to have the machine im- 
mediately fail again. 

So it was a faulty memory module 
rather than a contact fault but why 
such strange symptoms? I had seen 
nothing like this before due to faulty 
memory. 

I took a closer look at the module 
and something didn’t look quite right. 
The end closest to the locating notch 
looked out of square somehow, so I 
popped the other module and placed 
them side-by-side for comparison. 

That’s when the penny dropped — 
they might have looked the same to the 
casual observer but these were two dif- 
ferent types of RAM. The sticker on the 
one I'd just removed (which worked) 


said DDR2 533, while the other was 
something else. Oddly, its label had 
been removed but by comparing it to 
other modules I had in the drawer, I 
soon discovered that it was probably 
PC2700/DDR333 RAM or something 
similar. 

However, as close as the two types 
are to each other in terms of size and 
locating notch position, DDR333 RAM 
shouldn’t fit in the slot since it is 
slightly too long at the locating notch 
end. In this case though, someone had 
filed the end of the module in order to 
make it fit the slot and that could only 
have been the people who fitted it in 
the first place. 

Icalled the client and told him what 
I had found. He then told me that the 
store member who had offered the 
extra RAM had selected a module 
off the shelf. However, she then had 
trouble fitting it to the laptop at the 
counter, so she took the whole thing 
“out the back”. 

She subsequently returned after 
about 10 minutes with everything 
buttoned up and apparently seemed 
a bit flustered while finishing off the 
sale. When my client got his machine 
home and booted it up, it showed 2GB 
less memory (in System Properties) 
than it should have. He called the 
shop and they mumbled some drivel 
about a Vista “bug” not showing RAM 
amounts properly but he could rest 
assured the RAM was in the machine 
and working. 

Well, as we now know, it wasn’t. 
By some miracle, when at rest the 
module’s contacts missed all the vital 
points. However, when the laptop was 
bumped, something made contact and 
the machine instantly shut down. 

Fitting the correct type of memory 
cured the problem and the machine 
now displayed the correct amount of 
memory. So much for the so-called 
Vista memory bug! I doubt that my 
client will ever return to that particular 
store — at least not to buy a computer. 


A dangerous fan 

When you are a lowly first or 
second-year aircraft avionics engineer- 
ing apprentice, no-one really trusts 
you with anything important. It takes 
ages to get used to the constant close 
inspection of every little thing you do 
by other apprentices, fellow engineers 
and the hawk-eyed quality-assurance 
technicians, especially if you are used 
to working alone ina home workshop. 
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Of course, all those inspections 
are critical in the aircraft repair busi- 
ness because lives depend on every 
nut, bolt and a zillion and one other 
components being exactly right. There 
are no grey areas — something is either 
110% correct or it is wrong and needs 
to be re-done until it is right. 

The following story comes from 
the third year of my 5-year (10,000 
hours) apprenticeship. By then, I knew 
enough to get into trouble, though fi- 
nally most of the guys I worked with 
were beginning to trust that I could 
actually do the job to their exacting 
standards. However, I was still an ap- 
prentice and being physically small in 
stature, I got the worst of the “hairy” 
jobs — those special assignments usu- 
ally delegated to the lowest-ranking 
member of the team. 

Such jobs included cleaning bird- 
strike debris from engines, checking 
wiring looms inside extremely tight 
and dirty spaces and other equally 
grim tasks. One such job, which wasn’t 
too bad because it didn’t involve be- 
ing fitted with breathing gear and/ 
or crawling around knee-deep in 
av-gas, was squeezing in behind the 
equipment mounting racks in the E&E 
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(Electronics and Equipment) bay, to 
carry out maintenance, install new 
hardware or to simply inspect and en- 
sure all the wiring was squared away. 

The E&E bay is a very small room 
that’s usually situated aft of the nose- 
wheel bay but before the wing/cargo 
bay areas. This is where much of the 
avionics gear lives and easy access to 
everything is a must for quick changes 
should a unit become unserviceable. 
Even so, getting to this gear can some- 
times be a tight squeeze. 

Generally engineers needing to 
replace equipment stand on a special 
gantry that puts the top half of their 
body inside the bay, allowing them 
arms-reach access to most of the gear. 
However, sometimes components situ- 
ated on the back of the various racks 
need attention, so some small-framed 
engineer is usually rustled up and 
requisitioned for the job. 

Unfortunately, due to my (then) 
slim stature and position in the peck- 
ing order, I was the one who usually 
“volunteered” for the mission. How- 
ever, when it came to the E&E bay, I 
didn’t mind all that much to be hon- 
est. I never really knew the meaning 
of claustrophobia until I kitted up for 
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working in wing tanks — they are very 
dark, very tight and very dangerous 
because of fumes and the ever-present 
possibility of static discharge unless 
special precautions are taken. In the 
E&E bay though, none of this was a 
worry, although access in planes such 
as a Boeing 737 could be tight. 

One particular day, I did the work 
required, which involved checking 
the general integrity of all the racks, 
connectors and wiring looms and 
all went swimmingly until I went to 
extract myself. This involved lying 
on my back and pushing myself for- 
wards with my boot heels while using 
my arms to push on the racks above 
me — at the same time being careful 
not to disturb anything. However, as I 
reached up, I suddenly felt a very sharp 
pain in my thumb and it was knocked 
forcefully away from me. I brought my 
hand down and the end of my thumb 
looked like a cauliflower floret dipped 
in tomato sauce. 

I barely remember exiting the bay 
but I do remember the look in my 
foreman’s eyes as he took stock of the 
situation and led me off to the nurse’s 
station. 

It turned out that I had been unlucky. 
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Or more accurately, it had been a string 
of bad luck that had led to my right 
thumb now being shorter than my left. 
Subsequent investigations revealed 
that I had stuck my thumb into a 
high-speed, 100mm cooling fan. This 
fan was not a Boeing-standard item; 
instead, it had been designed by our 
Technical Services department. I went 
and asked the team responsible why 
this fan hadn’t been covered. 

Their reasoning was that because 
the fan was in such an inaccessible 
spot, a cover would have been an un- 
necessary expense. That was my first 
bit of bad luck. The next was that in 
the direction it was running, the steel 
blades of the fan should have pushed 
my thumb out of the way, perhaps giv- 
ing ita good whack but not chopping it 
the way it did. However, it turned out 
that someone at some earlier time had 
caught something else in it, perhaps a 
screwdriver, and this had twisted and 
distorted the blade into a cutting edge. 

As it was, the fan had to be replaced 
and this time the guys had a cover 
made for it which was clipped into 
place, ensuring something like this 
couldn’t happen again. Understand- 
ably, I wasn’t overly happy about the 
whole thing but it was my foreman 
who really took the people responsi- 
ble to task over it. He couldn’t believe 
that engineers of their calibre would 
forgo covering any fan, let alone a 
high-speed unit. 

Not only that but he was also con- 
cerned that whoever damaged the fan 
previously had not reported it. While 
no one wants to get into trouble, in a 
safety-conscious environment like air- 
line industry, reporting such incidents 
comes before anything else. 


Uplifting experiences 
Now fora couple of reader contribu- 
tions. P. S. from Fremantle, WA is an 


elevator technician and he encounters 
some interesting situations in the 
course of his work. Here’s why you 
should always wash your hands after 
servicing these devices... 

The life of an elevator technician 
can see him performing a wide range of 
tasks. These include replacing hoisting 
ropes, servicing brakes, cleaning relay 
contacts on a 50-year old controller 
with hundreds of relays, fault-finding 
a machine with TTL logic gates or 
using a remote computer terminal to 
monitor the operation of a modern 
microcontroller-based system. And 
integral to all this is the requirement 
for the tradesman to have plenty of 
customer service savvy. 

Sometimes an elevator will manifest 
a purely technical (and often elusive) 
fault, such as a machine that was 
commissioned while I was a final-year 
apprentice. It was a large high-speed 
lift with the DC hoist motor’s speed 
regulated by a reference signal and 
feedback from a tacho mounted on 
the hoisting sheave. Unfortunately, it 
suffered from a nasty vibration in use 
but what was causing it? 

On the CRO it was evident as a 
ripple on the feedback signal. So was 
it mechanical in origin, electrical or 
electronic? Furthermore, at the end of 
the day when we locked up the motor 
room and got in the lift to go home, it 
ran as smooth as silk. 

The next day, the problem was 
back and the fault was finally tracked 
down when I applied a test probe to 
a terminal strip. As I did so, my hand 
shaded the light from a certain diode 
and the ripple disappeared. 

It transpired that the temporary light 
we had rigged up in the motor room 
was introducing a 50Hz ripple into 
the system via this small-bead diode 
(a 1N4148 or similar). After all, PN 
junctions are light sensitive! At the 
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end of the day, the ride was smooth 
because the light had been turned off. 
Moving this temporary light (it had 
been only centimetres from the diode) 
solved the issue. 

Often vandalism or abuse results in 
an elevator “playing up”. When I was 
cleaning and adjusting the door-lock 
contacts on a goods lift I asked the 
tradesman what was causing the cor- 
rosion and white furry coating over the 
components. Once I had completed the 
job he wised me up to the fact that cus- 
tomers coming out of the tavern on the 
floor above were sometimes busting for 
a pee and the corner where the elevator 
is located was a convenient place to 
relieve oneself. Hence the heavy cor- 
rosion (and why you should always 
wash your hands before smoko!). 

On another occasion I arrived at 
a call-out for a passenger stuck in a 
lift at a railway station. By the time 
I arrived the occupant had got out 
but not before ripping off the control 
panel and urinating over it. He was 
fortunate that the control voltage was 
only 24V and that the 240V light and 
fan switches were more secure. The 
fact that he had done this in a glass lift 
in a public space further highlighted 
his crass stupidity! 


Doctors & nurses 

Sometimes the intent is less mali- 
cious. When a colleague was an ap- 
prentice in the UK, he was alerted 
to a lift that had stopped mid-floor. 
There had been numerous such stop- 
pages with this particular system and 
in each case the lift would always 
restart sometime later but no cause 
could be found. 

This time, luck was on his side. He 
just happened to be working on top of 
an adjoining lift when it stopped and 
on hearing suspicious sounds from the 
offending lift car, he came alongside 
and quickly stepped across. He then 
quietly opened the trapdoor in the roof 
of the lift to see a doctor and nurse had 
wheeled a bed into the lift. They had 
then flicked the stop switch off after 
it had moved a few metres (in the UK 
a toggle switch was provided instead 
ofa pushbutton) and were proceeding 
to... well play doctors and nurses! 

Replacing the toggle switch with 
pushbuttons solved the problem — at 
least as far as the lift technicians were 
concerned. 

Often, as servicemen in other fields 
will testify, an intermittent fault will 
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THEY HAD FLICKED THE 
TOGGLE SWITCH & WERE 
PROCEEDING TO PLAY 
DOCTORS & NURSES 


test a technician’s skill, patience and customer-service 
savvy. One elevator in a hotel had stopped for no appar- 
ent reason. After checking and resetting it, the machine 
could be run a hundred times without fail and then, a 
couple of nights later, the call would come in again. 

The problem was found almost by chance. One day, 
when testing the lift, we noticed a brief flicker in the 
mains-voltage sensing relay as the hoist motor started, 
indicating a dip in the supply voltage. Testing indicated 
that the supply voltage was down and enquiries to the 
supply authority confirmed that they had dropped the 
voltage in the area from 250V to 240V just prior to the 
lift playing up. 

A new voltage sensing relay set for a lower voltage 
resolved the issue. 


GMC/Homelite 1kVA generator 


This next story is from D. B. of Yorketown, SA... 

A customer came in with a GMC/Homelite 1kVA 
generator that wasn’t generating any power. I removed 
the automatic voltage regulator (AVR) unit and noticed 
that the black resin at one end was cracked. As a result, 
I slowly chipped away this resin using a sharp wood 
chisel and found that the Mosfet had split apart. This 
was replaced and the unit reassembled but there was 
still no power. 

Next, I ran the generator and fed 12V to the rotor 
brushes. The unit now produced power, which proved 
that the problem lay in the AVR unit. 

Iremoved the AVR once more and continued chipping 
away at the resin, while measuring as many component 
values as possible. Some resistors were destroyed during 
this process and others had their colour codes damaged. 
After removing all 24 components from the board, I de- 
cided to replace the lot with new parts as these would 
only cost about $15. 

In the process, the 100uF 16V electrolytic capacitor 
was replaced with a 35V unit as the original had dried out 
and there is about 18V across it in operation. The rebuilt 
unit worked fine, so I fitted it into a small plastic box 
and mounted it on the front panel, beneath the fuel tank. 

In the end, it was a very satisfactory outcome con- 
sidering that I couldn’t find any information on these 
AVR units. SC 
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F YOU HAVE OLD family movies 

stored in some dark spot in the 
house, they are bound to be rotting 
away. If you doubt us on this point, 
better crank up your old projector 
and have look for yourself. You will 
be probably be horrified at the visible 
deterioration. You need to act now so 
that you can preserve them for poster- 
ity. Transfer them to DVD as soon as 
you can. As a bonus, this will make it 
easy for you to pass them on to other 
family members or relatives. 

You also need to consider that your 
bulky, old film projectors will not last 
forever either. Spare lamps and parts 
are probably now quite expensive 
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You will need this projector 
speed controller 


Do you have old family movies 
on film? Have you watched them 
lately? You may be shocked by 
how much they have deteriorated 
over the years. They need to be 
transferred to DVD before the film 


deteriorates to the point where it 
is unwatchable. Video conversion 
is not as straightforward as you 
might think but this simple project 
enables you to do it. 
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and hard to get. And apart from that, 
projectors are noisy, not easy to use 
and not many people are familiar with 
their operation. So there is no alterna- 
tive really — you need to convert those 
movies to DVD before it is too late. 


Converting to digital 


There are many commercial enter- 
prises that can restore film and transfer 
your old films to digital format. Such 
companies typically use quite sophis- 
ticated techniques for film-to-video 
conversion and these methods are 
described at http://en.wikipedia.org/ 
wiki/Telecine 

For home movies though, getting the 


job done commercially can be rather 
expensive. Fortunately, you can do 
the conversion yourself. It basically 
involves running the film through a 
projector and using a video camera 
to record the on-screen image. The 
resulting video can then be recorded to 
DVD via a computer or DVD recorder. 
If you don’t already have a film projec- 
tor, then check eBay for a secondhand 
unit. However, before you leap in, you 
will need a projector speed control- 
ler to get good results, otherwise film 
speed variations and synchronisation 
problems will give lots of flicker. 

Let’s now describe what you need 
to do. 
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The Speed Controller PCB carries a 
PIC microcontroller, three indicator 
LEDs and four transistors to drive 

a motorised pot. The shaft of the 
pot then drives the existing speed 
control knob on the projector. 


The set-up for videoing a projected 
film image is shown in the photo on the 
facing page. As can be seen, the film is 
projected onto a screen and the video 
camera records the image. However, 
there are a couple of simple tricks to 
get good results. 

First, the projector must be placed 
no more than about 250mm away from 
the screen, so that the video camera 
“sees” a bright image. This ensures 
that the camera operates at a relatively 
high luminance level for best image 
contrast and least picture noise. For 
the screen, good-quality white paper 
can be used. 

Note that the recording also needs 
to be done in a darkened room to 
ensure optimum contrast. However, 
it’s not necessary for the room to be 
completely dark. 

Our experiments showed that good 
results can be obtained by setting the 
video camera to automatic focus and 
exposure. It may be possible to obtain 
better results by setting these controls 
manually in some cases, although this 
will very much depend on the film 
quality. If the film exposure varies 
widely, then a manual exposure set- 
ting on the video camera will not be 
suitable. 

In our case, we used a Sony Digital 8 
Video Camera Recorder which records 
onto tape. The resulting video signal 
was then captured on a computer 
and the titles added using Windows 
Movie Maker, after which it was burnt 
to a DVD. 
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PAL system. 


out effects can be detected. 


Of course, many people will now 
have a more modern camcorder that 
records directly to digital memory. 
In that case, it’s simply a matter of 
copying the file directly to a PC or to 
a DVD recorder. 


Avoiding flicker 

Flicker is the big problem and it is 
all to do with synchronisation. 

Basically, the speed of the projec- 
tor’s motor must be set so that the pro- 
jected film rate is synchronised with 
the video field rate of the camcorder. In 
practice, this means that the projected 
film frame rate must be a multiple of 
the video field rate. If this is not done 
(ie, the film frame rate is not synchro- 
nised to the camcorder), the recorded 
video image will flicker severely 

The Australian PAL-B video stand- 
ard specifies a frame rate of 25Hz. In 
practice, each frame is broken down 
into two fields for a total of 50 fields 
per second (see http://en.wikipedia. 
org/wiki/PAL for more details). 

By contrast, standard-8 film is re- 
corded at 16 frames per second (fps), 
while Super-8 films are generally 
recorded at 18 or 24 frames per sec- 


Synehronising To The 26 Video Field Rate 


Although a film projector. may have a frame rate of 16 fps (for example), the 
film is not projected continuously. Instead, a mechanical shutter blanks out the 
projection for the period during which the film is progressed from one frame to 
the next. This frame progression occurs 16 times per second. 

As a refinement, the shutter also provides film blanking at a faster rate than 
the frame rate. This provides a higher image repetition rate to reduce image 
flicker. As an example, a “Noris 8 Synchroner 100” standard-8 film projector 
(manufactured by Ernst Plank in Nurnberg) has three vanes on the shutter to 
provide an image rate of 3 x 16 or 48 frames per second. 

When the projector speed is adjusted to 16/3 frames per second (to lock 
with a camcorder), the 3-vane shutter provides an image repetition rate of 3 
x 16/3 = 50Hz. This will synchronise with the 25Hz video frame rate for the 


By contrast, super-8 projectors which run at 24 fps have a 2-vane shutter 
and this also provides a frame rate of 48 (ie, 2 x 24) frames per second. In this 
case, the projector is sped up to 25 fps to again provide a 50Hz rate. 

The projector speed adjustment can either be done manually or automati- 
cally. Manual adjustment is achieved by watching the video recording via the 
viewfinder and adjusting the projector speed knob to maintain lock, based on the 
rate of picture fade in and out. As such, it requires constant attention from the 
operator and quickly becomes tiresome. It is also fraught with other problems. 

The main problem is that it is not known whether the speed needs to be 
increased or decreased to reduce the fade-in and fade-out effect. Another 
problem is that the image will drift out of lock, with fading becoming noticeable, 
before any correction is made. Even a hint of slow fade-in and fade-out of the 
picture is quite noticeable in the recorded video. 

For these reasons, it is far better to have an automatic speed adjustment 
system. This can then correct the projector speed before any fade-in and fade- 


ond (refer to http://en.wikipedia.org/ 
wiki/8_mm_film). 

To synchronise with the 25Hz video 
field, the 16 fps for standard-8 film 
can be sped up slightly to 16/3 fps. 
This slightly increased speed is not 
particularly noticeable and gives a 
frame lock of 1.5 video fields for each 
film frame (ie, 162/3 x 1.5 = 25). 

Similarly, an 18 fps projector can be 
slowed to 1627/3 fps to achieve synchro- 
nisation, while a 24 fps projector can 
be sped up slightly to 25 fps. 

Locking the film and video rates 
prevents any flicker apart from the 
normal flicker associated with the film 
projection and the video field flicker. 
However, as noted above, the recorded 
video image will flicker severely ifthe 
film frame rate is not synchronised. 
When the film rate and the video 
field rate are very close to but out of 
lock, the recorded video picture will 
slowly fade in and out of brightness. 
The further out of lock they are, the 
faster the flicker. 


Projector speed controller 


The automatic speed control de- 
scribed here uses a sensor to monitor 
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Parts List 


1 PCB, code 13104111, 62 x 
47mm 
1 UB5 box, 83 x 54 x 31mm 
(optional) 
1 motorised potentiometer 
(Altronics R2000). 
1 20MHz crystal (X1) 
1 DIP18 IC socket 
1 30mm length of 0.7mm tinned 
copper wire 
7 PC stakes 


Semiconductors 
1 PIC16F88-I/P microcontroller 
programmed with 1310411A. 
hex (IC 1) 
1 7805 5V regulator (REG1) 
2 BC337 NPN transistors (Q1,Q2) 
2 BC327 PNP transistors 
(Q3,Q4) 
1 1N4004 1A diode (D1) 
1 photo interrupter (Jaycar ZD- 
1901, Altronics Z1670) 
3 3mm red LEDs (LED1-LED3) 


Capacitors 

2 100uF 16V PC electrolytic 
1 100nF MKT polyester 

1 10nF MKT polyester 

2 33pF ceramic 


Resistors (0.25W, 1%) 
1 10kQ 

1 2.2kQ 

6 1kQ 

1 4700 


Miscellaneous 

Hook-up wire; 2-core shielded 
cable; aluminium sheet for motor 
bracket; screws, nuts & spacers 


the projector’s shutter speed. This is 
compared to a reference frequency 
to derive an error signal which then 
controls a motorised potentiometer 
attached to the projector. The shaft of 
this motorised pot drives the projec- 
tor’s original speed control. 

Any variation in the shutter speed 
from lock is corrected by driving the 
motor in one direction or the other, 
to rotate the projector’s speed control 
knob. 

A photo-interrupter is used as the 
detector and this is installed so that the 
shutter’s blades pass through its slot. 
When the projector’s speed is correct, 
the signal from the photo-interrupter 
will be at 50Hz. 
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Standard-8 film projectors are now 
vintage machines and will require 
checking to ensure that they are 
safe to use. In particular, check that 
the mains lead is safe and that the 
projector body is correctly earthed 
(you should get a zero ohms reading 
between the earth pin of the main 
plug and the projector's metal frame). 

The projector depicted in this 
article had been left unused for 
quite some time and initially oper- 
ated for several minutes when fired 
up. An small explosion somewhere 
within its workings then destroyed 
the lamp switch. It didn’t take long to 
spot the problem — the suppression 
capacitor across the mains supply 
had exploded. 

A 275VAC X2 MKP capacitor was 
used as a replacement but the prob- 


If the photo-interrupter does not 
receive any signal (eg, when the pro- 
jector is switched off to change the 
film reel), the Speed Controller im- 
mediately stops driving the motorised 
pot. This ensures that the projector’s 
speed will be close to the lock speed 
when it is switched on again. 


Speed control pot 

As indicated, a motorised potenti- 
ometer is used to drive to the existing 
speed control knob fitted to the pro- 
jector. Before fitting it, this motorised 
pot must be modified by removing its 
resistive element. This is done so that 
the shaft can rotate fully through 360°, 
ie, without the normal 270° end stops. 

This means that the motorised po- 
tentiometer no longer functions as a 
potentiometer. Instead, we are using it 
purely as a motor (along with the pot 
shaft) to drive the projector’s existing 
speed control knob. 


Circuit details 

Take a look now at Fig.1 for the 
circuit details of the Projector Speed 
Controller. In addition to the photo- 
interruptor, it includes a microcon- 
troller (IC1), some indicator LEDs and 
four transistors (Q1-Q4) to drive the 
pot motor in either direction. 

Microcontroller IC1 operates at 
20MHz, as set by crystal X1. This en- 
sures that the projector’s frame rate is 


lem could have been averted if this 
capacitor had been changed earlier. 

Note that standard-8 film did not 
include sound. With super-8 there 
may be sound included but the audio 
recording will no longer be at the cor- 
rect speed when the projector speed 
is locked to the video field rate. As a 
result, the pitch will be altered. 

If this is a problem, the pitch can be 
corrected using Audacity (http://au- 
dacity.sourceforge.net/download/) or 
similar sound recording software, so 
that the sound appears more natural. 
Make sure that the file length is not 
altered when doing any adjustments 
though, otherwise the sound will be 
longer be in sync with the picture. 

The processed sound file can be 
re-synced with the picture at the start 
of the DVD burning process. 


measured with sufficient accuracy for 
locking against the PAL 25Hz frame 
rate. 

The photo-interrupter comprises 
an infrared LED and phototransistor 
mounted in a slotted enclosure. When 
IR light from the LED passes between 
the shutter blades, the phototransistor 
is biased on and the voltage at its col- 
lector is close to OV. Conversely, when 
light from the IR LED is blocked by the 
shutter, the phototransistor turns off 
and its collector is pulled to +5V via 
a 10kQ pull-up resistor. 

IC1’s RBO input (pin 6) monitors the 
photo-interrupter signal. In operation, 
IC1 counts a 625kHz signal (derived 
from the 20MHz crystal oscillator) 
between every fourth rising edge volt- 
age at RBO. 

As previously stated, a 16 fps pro- 
jector needs to be sped up to 16/3 fps. 
Assuming a 3-blade shutter, this will 
result in a 50Hz signal from the photo- 
interruptor. As a result, successive 
fourth rising edges will be 80ms apart 
and the 625kHz count will be 50,000. 

If the count is greater than this, the 
projector’s shutter rate is slower than 
50Hz. Conversely, if the count is less 
than 50,000, the rate is faster than 
50Hz. As a result, IC1 drives the mo- 
tor in one direction or the other via 
transistors Q1-Q4. This either speeds 
up the projector if the count is greater 
than 50,000 or slows it down if the 
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Fig.1: a photo-interuptor and a PIC microcontroller are used to sense the speed of the projector’s rotating shutter 
blades. IC1 then compares this speed to a reference frequency and drives a pot motor via transistors Q1-Q4. 


count is less than 50,000. 

Counts within two of 50,000 (ie, 
between 50,002 and 49,998) are re- 
garded as being in lock, so drive to the 
motor ceases. When this happens, the 
Lock LED (LED2) lights. By contrast, 
counts within 319 of 50,000 result in 
the motor being driven slowly with 
short pulses to adjust the projector’s 
speed. In this case, the Lock LED lights 
along with either the Fast or Slow LEDs 
(LEDs1 & 3), depending on whether 
the projector speed is too fast or too 
slow. This indicates that the projector 
is being adjusted for speed but is close 
to the lock condition. 

Finally, for counts greater than 319 
either side of 50,000, the motor is 
driven at full speed and either the Fast 
or Slow LED is lit. The Lock LED is off 
during this time and remains off until 
the count gets to within 319 of 50,000. 

It’s much the same for super-8 film 
shot at 24 fps. In this case, the pro- 
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jector speed must be increased to 25 
fps but unlike standard-8 projectors, 
super-8 projectors invariably employ a 
2-blade shutter. This again means that 
the shutter blade frequency of 50Hz is 
necessary to achieve lock, so a count 
of 50,000 is necessary just as it is for 
16 fps projectors. 

Similarly, if an 18 fps (3-blade) pro- 
jector is slowed to 16?/3 fps, we again 
need a 50Hz shutter blade frequency 
(and a 50,000 count) to achieve lock. 
As a result, we can use exactly the 
same firmware in IC1 for all three 
cases. There’s no need to change the 
firmware to suit individual projectors. 


Driving the pot motor 

IC1’s outputs appear at RB7, RB4, 
RB5 & RB6 and these drive the motor 
in one direction or the other via tran- 
sistors Q1-Q4 which are arranged in 
an H-bridge configuration. Q1 & Q4 are 
switched on to drive the motor in one 


direction, while Q2 and Q3 drive the 
motor in the other direction. 

The motor is off when all the transis- 
tors are off, ie, with RB5 & RB6 both 
low and RB4 & RB7 both high. A 10nF 
capacitor suppresses any spikes across 
the motor terminals. 

Power for the circuit is derived from 
a9-12V DC supply rated at 100mA (eg, 
a 9V or 12V DC plugpack). Diode D1 
provides reverse polarity protection, 
while REG1 provides a regulated 5V 
supply for the circuit. 


Construction 


All the parts except for the photo- 
interruptor and motor are mounted on 
a PCB coded 13104111 and measuring 
62 x 47mm. This can either be housed 
in the same UB5 utility box that’s used 
to support the motorised pot or it can 
be mounted inside the projector. 

Fig.2 shows the parts layout on the 
PCB. Check the PCB carefully for any 
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TWO-CORE CABLE E+ ¥ 


Fig.2: follow this diagram to assemble the PCB. Note that 
two different transistor types are used for Q1-Q4. 


defects, then check that the corner 
holes are drilled to 3mm. Seven PC 
stakes are used for all the external 
wiring connections and their holes 
should all be 1mm. 

Begin the assembly by installing the 
single wire link (adjacent to REG1), 
then install the resistors. Check each 
resistor using a DMM before installing 
it — don’t just rely on the colour codes 
as some colours can be difficult to read. 

Diode D1 is next on the list and this 
must be orientated as shown. That 
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TO PHOTO 
INTERRUPTOR 


done, install the capacitors, crystal 
X1, the IC socket and the PC stakes. 
Make sure that the electrolytics go in 
the right way around. 

Regulator REG1, transistors Q1-Q4 
and the three LEDs can now go in. 
These parts must all be orientated 
correctly. Take care not to get the tran- 
sistors mixed up — Q1 & Q2 are both 
BC337 (NPN) devices while Q3 & Q4 
are both BC327s (PNP). 

Note that if you intend mounting 
the PCB in the UB5 box, then the 


tai 


The PCB should take no more than about 30 minutes to 
assemble. Take care with component orientation. 


electrolytic capacitors and REG1 will 
need to be bent over to clear the lid. 
In particular, REG1 would have to be 
mounted with its leads bent at right 
angles, so that it lies over the adjacent 
capacitors. 

On the other hand, if the PCB is 
to be mounted within the projector, 
this should not be necessary and the 
parts can be mounted as shown in 
the photos. In our case, we mounted 
the PCB inside the projector case on 
15mm stand-offs and there was plenty 


The photo-interrupter, Speed Controller board and power socket are mounted 


the projec me PCB is secured on two 15mm tapped Nylon 
pacers using machine screws. Alternatively, the PCB can be mounted inside 
the case that’s used to mount the motorised pot. 
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The fast (F), lock (L) and slow (S) 
LEDs protrude through holes drilled 
in the projector housing, while the 
power socket for the speed controller 
board was fitted to an existing square 
cut-out. 


of room for REG1 and the electrolytic 
capacitors. Be sure to install REG1 
with its metal tab towards the adjacent 
33pF capacitor. 

The three LEDs can all be mounted 
at full lead length, so that their tops 
either protrude through the projector 
casing or through the lid of the box. 
Take care with their orientation — the 
anode is the longer of the two. 


Modifying the motorised pot 

The next step is to remove the resis- 
tive element and the end stops inside 
the motorised pot. That’s done by first 
bending out the metal tabs that hold 
the housing together. Once the element 
has been removed, the housing can be 
reassembled. 

As shown in the photos, the speed 
control knob on our projector has in- 


The motorised pot is mounted so that 
its shaft drives the projector’s existing 
speed control knob. Note that the resistive 
element and end-stops in the pot housing 
must be removed - see text. 
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This close-up view shows the photo- 


rotate, increasing the apparent frame 
rate and blocking the light through the 
lens as each film frame is progressed. 


interuptor. It must be accurately 
positioned, so that the shutter blades 
pass through its slotted opening. 
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RoHS Compliant ~ ISO 9001 Certified 


NPA PTY LTD., 10 Gray St., Kilkenny 5009 South Australia 
Fax: (08) 8268-1455 + e-mail: sales@npa.com.au 


Tel: (08) 8268-2733 Web: www.npa.com.au 


Available from our global distributor network. 
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Also available for cell sizes: A-AA-AAA-AAAA-N 

e Ideal for low profile applications 

e Available in Tin Nickel Plate for low contact resistance 
e Available in Matte Tin Plate to accommodate 

s low temperature reflow soldering 

s Available in bulk or on Tape & Reel 

e Designed for vacuum pick & place 

® Also available in Thru Hole Mount versions 
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PROJECTED film image is pre- 
sented as a series of still images 
(or frames) on the screen. These 
individual frames are interrupted by 
blanked-out intervals, where light from 
the projector lamp is blocked from 
passing through the film and the lens. 
The blanking intervals hide the pro- 
gression of the film from one frame to 
the next. This is necessary because 
during projection, each frame is held 
stationary for a short period and then 
progressed to the next frame. 
Additional blanked-out intervals 
are included to increase the effective 
projection rate. This results in the 
perception that the images are con- 
tinuous due to persistence of vision 
of the eye. Each film blanking period 
is about 10% of the frame period and 


This photo shows how the projector 
and video camera are set up. The 
film is projected onto a small screen 
about 250mm away, while the video 
camera is positioned alongside the 
projector to record the images. The 
projector and the camcorder should 
each be angled so that they cancel out 
trapezoidal distortion. 
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Avoiding Fiteker: Why Film Frame & Video Field Lock Is le 


together they account for 30% of the 
overall frame period. 

When the projected film image is 
copied using a video camera, the 
camera effectively takes photos of 
the image as a series of still fields at 
a 50Hz rate. This gives a video frame 
rate of 25Hz, ie, there are two fields 
to a frame. 

Therefore, if the film frame rate 
is set at 162/3 fps, each 25Hz video 
frame will contain two thirds of a film 
frame. This in turn means that each 
second and third video frame will show 
a different portion of the film frame 
(or frames). 

This cycle repeats every three video 
frames or after exactly two film frames. 
As a result, the film frame rate and 
video frame (and field) rates can be 
considered to be in lock. 

Fig.3 depicts the film frames and 
video frames side-by-side, to illustrate 
how the video camera records the 
film. The film blanking periods and 
the video vertical blanking intervals 
are both shown to scale. During film 
blanking, a black screen is presented 
to the video camera. Conversely, when 
there is no film blanking, the camera 
“sees” the projected image. 

Each video frame comprises two 
separate interlaced fields with a 
blanking interval between them. That 
is why a blanking period is shown 
at the beginning and in the middle 
of the video frame. No film image is 
recorded during the video vertical 
blanking periods. 

Fig.3(a). shows two separate film 
frames (Film Frame 1 and Film Frame 


dentations around the rim and these 
match the flutes on the motorised pot 
shaft. The motor/gearbox assembly are 
mounted on a plastic case using alu- 
minium brackets and the case is then 
fastened to the side of the projector 
so that the shaft mates with the speed 
control knob. 

If you have a motorised pot with a 
smooth (ie, non-fluted) shaft, try fitting 
it with a rubber sheath. This should 
then provide sufficient friction to drive 
the projector’s speed control knob. A 
suitable rubber sheath can be obtained 
from the cable grip section inside a 
3-6mm diameter IP68 cable gland. 


2) against three video frames (Video 
Frame 1, Video Frame 2 and Video 
Frame 3). This is when the two are 
in lock. As can be seen, when the 
film frames and video fields are in 
lock, the end of Video Frame 3 lines 
up with the end of the Film Frame 2. 
Successive film frames will therefore 
remain synchronised with successive 
video fields. 

Note that this video recording tech- 
nique assumes that the differences 
between Film Frame 1 and Film Frame 
2 are minimal, otherwise Video Frame 
2 will be blurred. 

Fig.3(a) shows Video Frame 1 start- 
ing at the same time as Film Frame 
1.This ensures that each video frame 
occurs within a full film exposure 
period. In other words, video field 
blanking occurs only during the film 
frame blanking periods. 

Fig.3(b) shows what happens to 
the synchronisation if Video Frame 1 
starts after Film Frame 1 begins. In 
this case, video field vertical blanking 
occurs within the film frame exposure 
period. This results in a slightly re- 
duced average light level exposure 
for the video picture. 

In practice, this means that each 
video frame in Fig.3(b) will operate 
for 62% of the film frame period 
compared to 70% for Fig.3(a). How- 
ever, provided that the film and video 
remain in lock, there will no variations 
in this average level over time. 

These 70% and 62% figures repre- 
sent the highest and lowest exposure 
periods that can be obtained when 
randomly starting the projector and 


Alternatively, try fitting some rub- 
ber tubing (preferably ribbed) over the 
pot shaft. 


Wiring it up 

The photo-interrupter is mounted 
inside the projector and is positioned 
so that the shutter vanes pass through 
its slot. It’s then connected to the PCB 
via twin-core shielded cable. Note that 
both the cathode (K) and emitter (E) 
leads of the photo-interrupter are con- 
nected to the shield wire — see Fig.2. 

The pot motor can be connected 
using medium-duty hook-up wire. 
You will have to experiment with the 
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the camera. This random starting 
nearly always means that the video 
fields and film frames are not syn- 
chronised to start precisely together. 
Doing that would be difficult with a 
mechanically-operated projector and 
is in any case unnecessary because 
the exposure periods do not differ 
much between the two extremes. 

Note that when the film and video 
are in lock, each video frame has the 
same duration of exposed film and 
the same duration of blanking — see 
Fig.3(a). 

If the film frame rate changes slight- 
ly so that it is no longer locked against 
the video field rate, then each video 
frame will begin to receive varying 
amounts of film frame (ie, the expo- 
sure alters). The video frame can now 
include the film’s own vertical blanking 
period as shown in Fig.3(b), while at 
other times the blanking will not affect 
the exposure level as in Fig.3(a). 

This exposure level variation be- 
comes worse as the film frame drifts 
further from video field lock. Fig.3(c) 
shows what happens with a film frame 
rate of 14.5 fps, while Fig.3(d) shows 
what happens at 18.5 fps 

For Fig.3(c), Video Frame 1 is fully 
exposed to Film Frame 1 and the 
video field blanking coincides with the 
film blanking. There is also only one 
film frame blanking period during this 
video frame. 

By contrast, Video Frame 2 has one 
of its own vertical blanking periods oc- 
curring within the film exposure period 
plus two film frame blanking periods. 
By the time Video Frame 4 occurs, just 
when the sequence should repeat, 
there are two video blanking periods 


polarity until it operates correctly. If 
the polarity is incorrect, the motor will 
run continuously and set the projector 
to either its fastest or slowest speed. 
At that point, the clutch will slip but 
the pot motor will continue running. 

Conversely, when the polarity is 
correct, the motor will run to maintain 
the projector’s speed so that it remains 
in lock. In practice, the motor will be 
continuously moving back and forth 
as itendeavours to maintain a constant 
speed from an imprecise projector 
mechanism. 

That’s it — you are now ready to 
transfer your films to DVDs. st 


siliconchip.com.au 


Film Frame 1 


Video Frame 1 


Film Frame 1 


Video Frame 1 


Film Frame 1 


Video Frame 1 


Film Frame 1 


Video Frame 1 


Video Frame 2 


Film Frame 2 


Video Frame 2 


Video Frame 2 


Film Frame 2 


Video Frame 2 


Film Frame 2 


Film blanking 
(30%) 
E Video vertical 
i blanking 
(1.6ms) 


Video Frame 3 


Film Frame 3 


Video Frame 3 


Film Frame 3 


Film Frame 2 


Video Frame 4 


Video Frame 3 


Film Frame 3 


Video Frame 3 Video Frame 4 


Fig.3: the effect of different film and video frame rates. In Fig.3(a) and 
Fig.3(b) they are in lock. Fig.3(c) shows what happens when the film frame 
rate is too slow while Fig.3(d) shows what happens when it is too fast. 


within the film frame exposure period 
plus two film blanking periods as well. 

As aresult, the video frames are no 
longer matched as they are in Fig.3(a) 
and Fig.3(b). A similar effect occurs 
in Fig.3(d) where the projector frame 
rate is too fast. 

In summary, if the video frame and 
film frame rates are out of sync, then 


This photo-interrupter must be positioned to align with the shutter blades when 


the amount of the film frame captured 
in each successive video frame varies 
continuously. In addition, there will 
be variations in the locations of the 
film blanking periods and these can 
be captured in the video fields. This 
will cause variations in the average 
brightness of successive video fields 
and cause a very noticeable flicker. 


the case is closed (ie, the shutter blades must pass through its slots). 
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Agilent Imun 


MS0-X 2024A 4-Channel 


Mixed Signal Oscilloscope 


The new Agilent InfiniiVision DSO/MSO 2000X and 3000X 
series oscilloscopes will certainly stir up the scope market. 
They combine high performance and a wide screen format 
with ease of use — something that is not always a feature of 
today’s digital scopes. 


he great thing about these new 

i models is that they fill the gap 

between low-end, entry-level 

digital oscilloscopes and scopes with 

much higher performance, such as the 

Agilent 7000 series which have more 
daunting price tags. 

There are 26 new Agilent InfiniiVi- 
sion models ranging in price from 
about $1328 plus GST to over $12,000. 
The particular model we tested is 
somewhere in the middle. 

And like high performance cars 
there are lots of options such as se- 
rial decoding modules (for the mixed 
signal oscilloscopes), a built-in signal 
generator, VGA and LAN connectivity, 
GPIB (General Purpose Interface Bus) 
and more. 


First impressions 

Turning now to the 200MHz MSO-X 
2024A we tested, the immediately out- 
standing features are the large screen, 
a 21cm 800 x 480 LCD panel and the 
fast waveform update rate (50,000 
acquisitions per second). 

Not only is the screen large and crisp 
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but it is immediately obvious that the 
analog front-end is well-designed. The 
waveforms look clean, even if you set 
it to maximum sensitivity (which with 
the provided 10:1 probes, is 20mV/di- 
vision). At that level you can see a little 
noise from the acquisition circuitry but 
it is kept well under control. 

This isn’t to say that the actual noise 
being measured has gone away — you 
can still see it but it is shown as a 
smooth band around the centre of the 
trace, thanks to the many sampled 
waveforms which are overlaid due 
to the rapid capture rate. The higher 
screen resolution contributes to the 
crispness of the displayed waveforms. 

If signal noise is an issue, one of the 
excellent features of the InfiniiVision 
series (which we make use of regu- 
larly on our DSO7034A) is the “high 
resolution” acquisition mode. This 
uses oversampling to provide noise 
reduction similar to averaging mode 
but without introducing any delays 
or removing much high frequency 
information (aside from the noise, 
obviously). Waveform averaging is also 


supported, as is peak-detection mode. 

The 2000X series oscilloscopes 
have a high sampling rate: 2GS/s 
(interleaved mode) or 1GS/s (non- 
interleaved). The advantage of non- 
interleaved mode is that each channel 
is sampled at exactly the same time 
but then the sampling rate is halved. 
The waveform memory is quite large at 
100,000 points. The 3000X series has 
an even more impressive 2,000,000 
points memory (with an option to 
double it). 

What does the high acquisition rate 
mean for you, the user? You obvi- 
ously can’t see 50,000 waveforms per 
second. Well it turns out that this is 
actually a very useful feature because 
the scope averages many sampled 
waveforms and uses the result to vary 
the intensity of each pixel. This is 
similar to what an analog scope with 
phosphor decay does. 

In essence, if the waveform is not 
perfectly consistent, you can see the 
spread of voltage levels since some 
areas will be brighter than others. This 
makes it easier to see “glitches” (oc- 
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Agilent Technologies InfiniiVision 


MSO-X 20244 


ed Signs! OscMascope 


Settings 


casional deviations from the expected 
pattern) as well as giving you a better 
impression of just how much noise 
and jitter there is in the signal. 

It’s not just a matter of trying to make 
the number more impressive — this 
is a true improvement in usability 
that was previously limited to very 
expensive DPOs (Digital Phosphor 
Oscilloscopes). 


User interface 


A major benefit of the new models 
is the uncluttered control layout. Be- 
cause they are taller than the Agilent 
1000 series, they can fit a lot more 
controls (including the four side-by- 
side vertical adjustment knob sets) 
without being much wider. 

There are a lot of buttons on the front 
panel but they are clearly labelled and 
grouped logically. Overall, this makes 
the interface easy to use. 

Here are some of the benefits from 
the extra buttons. The “Force Trig- 
ger” is useful when the acquisition 
is in “Normal” mode (as opposed to 
“Auto”). In normal mode, the display 


siliconchip.com.au 


200 MHz 
2G8a/s 


l 151010522011 


Agilent 


Acquisition 


Channels 


Measiiremants 


Clear Meas 


does not update unless the trigger 
condition is met. This can be useful 
for catching occasional signals but it’s 
annoying if isn’t triggering since you 
can’t see why. Now you can easily 
force it to trigger and then adjust the 
trigger conditions as necessary. 

The “navigate” button cluster in- 
cludes a left and right arrow with a 
“stop” button in the middle. These 
allow a constant-speed pan across 
the timebase, akin to turning the time 
offset knob at a particular rate. 

There are several speed settings 
which are stepped through with mul- 
tiple presses of the arrow buttons. This 
is more convenient than using the 
knob if you have zoomed in to view 
the details of a complex waveform. 

There is also a “Quick Action” but- 
ton; the action is set by the user. We set 
it so that a press will save the screen 
to a PNG file on the USB flash drive. It 
can also be configured to show all pos- 
sible measurement values (“snapshot 
measurement” mode), print the screen, 
recall a saved configuration, freeze the 
display, change the trigger mode or 


clear the display (when persistence 
is enabled). 

The “Zoom” mode on this unit 
works quite well and there is a dedi- 
cated button at the top, which looks 
like a magnifying glass, to toggle it on 
and off. In this mode, the horizontal 
adjustment knob changes the zoom 
factor while the delay knob, as well 
as the navigate buttons, allow for the 
expanded portion of the waveform to 
be moved (see Fig.2). 

All the knobs also have a pushbut- 
ton action and in most cases this either 
resets the value to zero or else toggles 
the vernier (fine adjustment) mode on 
and off for that control. 


Nice touches 


Agilent have put quite a lot of 
thought into the usability of these 
models and they have a number of 
small details which improve the user 
experience. 

For example, you can attach a text 
label to each channel which is then 
shown in various places on the dis- 
play (eg, when selecting a channel to 
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Here’s a view of the back of the scope. Of most interest is the right side, reveal- 
ing two USB ports (device and host), trigger out and trigger in sockets and below 
them the optional LAN/VGA port, which we’ll look at more closely shortly. 


measure). You can select from a list 
of built-in labels or enter your own. 
This makes it much easier to remem- 
ber which waveforms correspond to 
which points in your circuit (or to in- 
dicate it on printouts or screen grabs). 

You can position a small “time 
reference” triangle which is relative 
to the trigger point and then use this 
to calculate delays and such. It’s like 
a horizontal cursor but less obtrusive. 
There is also a “probe skew” setting 
which allows you to adjust for cable 
delays in the probes. 

The optional “Mask” mode can 
be used to check whether a signal is 
within a particular range. The mask 
can either be loaded from a PC (say, 
from a USB drive) or it can be derived 
from a captured waveform in combina- 
tion with a tolerance setting (see Fig.3). 
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A waveform can also be stored 
and used as a reference. In this case 
it is displayed as an orange trace, for 
comparison to live data. As with other 
traces, it can be changed in scale or 
offset. It can also be moved along the 
timebase (“skewed”). 

In zoomed mode, measurements can 
be taken from the main or zoomed win- 
dow (or the selection left on “auto”). 

You can also make measurements 
from digital inputs and computed 
(“Math”) traces, although with some 
exceptions. There is a “snapshot all” 
option which shows a large number of 
instantaneous measurements for the 
selected channel in the middle of the 
screen (see Fig.4). 

The measurement selection menu 
is particularly good, as not only is the 
selection of measurements compre- 
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hensive (eg, you can even select how 
many cycles RMS values are com- 
puted over), each selection is shown 
adjacent to a small picture indicating 
what the measurement represents. 
Measurements are also grouped under 
sub-headings according to type. So se- 
lecting the appropriate measurement 
to display is easy (see Fig.5). 

If you turn the soft-button menu (at 
the bottom of the screen) off, using the 
Back button, in its place is displayed 
the coupling mode for each channel, 
the offset voltage setting for that chan- 
nel and the probe attenuation ratio. To 
the right of the channel information is 
the current time and date. No screen 
space is left unused. 

There is also a “file explorer” feature 
which allows you to view and navigate 
the contents of the USB flash drive 
plugged into the host port as well as 
view files stored in the scope’s internal 
memory. 

In addition to the normal and XY 
display modes (where channels 1 and 
2 are plotted relative to each other as a 
Lissajous figure), there is also a “roll” 
mode where the screen scrolls from 
right to left and new data is constantly 
added to the right-hand side. 

This can be useful for viewing 
slowly changing voltages but is limited 
to relatively slow time bases (it would 
be impractical otherwise). 


Triggering 

These new Agilent scopes have the 
basic triggering options — edge, pulse 
width and video — as well as pattern 
triggering, which is mostly useful for 
use with the logic analyser. Unfortu- 
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Fig.1: using the test unit to make an amplifier distortion 
measurement, with the distortion residual at the top and 
the test waveforms underneath. Note the measurements at 
the right side of the screen with the orange dashed cursor 
indicating the peak-to-peak measurement points. 
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Fig.2: the zoom mode is easy to operate, especially with the 
navigation buttons which perform constant-speed panning 
across the captured waveform. The large memory and low 
noise allow small details to be seen in the zoomed view. 
The scope updates at the full rate when in zoom mode. 
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Along with the four 10:1 probes (one for each channel) comes 
a generous assortment of bits: the usual hook probe adaptor, 
earth alligator and spring clips, colour coding bands, spare 
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And there’s even somewhere to store them: there is a flip- 
down lid on the rear panel which reveals this handy storage 
compartment. Or it could be used to store the IEC mains lead, 


points, RF connector adaptor and IC pin probes. 


nately, there is no alternate/sequential 
triggering to allow each channel to 
operate with its own timebase or any 
advanced, configurable analog trigger 
conditions. 

However there are some handy op- 
tions such as adjustable trigger cou- 
pling (DC, AC and high-pass filtered), 
noise rejection, a low-pass trigger 
filter (“HF reject”) and a configurable 
hold-off setting, adjustable from 40ns 
to 10s, which prevents immediate re- 
triggering. 

The video triggering mode has all 
the usual bells and whistles to select 
particular lines to trigger on, alter- 
nate fields etc. We have to wonder 
though, how many people are still 
using oscilloscopes to work on ana- 
log video equipment. Not many, we 
would guess. 


“Math” modes 

These new Agilent scopes have the 
usual add, subtract multiply and FFT 
modes (see Fig.6). But one very nice 


Status: Failing 00 
Failure Rate 
0.0000% 
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Fig.3: the mask testing mode. The mask was made from 
channel one and is being applied to the signal on channel 
three. The number of failures (ie, excursions outside the 
mask) is displayed, which could be very handy for use in 


production testing. 
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aspect is that there are dedicated scale 
and offset knobs which allow you to 
easily move and scale these “virtual” 
channels, just like you can with the 
regular channels. Those knobs are 
used for the same purpose with the 
logic analyser (in Serial or Digital 
mode) and the reference waveform. 

With other oscilloscopes (including 
some high-end models!) doing this is 
quite awkward as it involves pressing 
the soft buttons (below the screen) 
and twiddling the general adjustment 
knob. In the past this has been very 
frustrating but with this model, it is 
easy. 

Also, since you can set the units for 
each channel to Volts or Amps, if you 
use the “Math” feature to multiply 
two waveforms, it displays the correct 
units (V2, A? or W, depending upon the 
units of the source channels). This is 
a nice touch. 


Ports and connectors 
The front panel sports the typical 
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which is supplied with the scope. 


line-up of connectors: a BNC input 
connector for each channel, a probe 
calibration square wave output, a BNC 
output connector for the signal genera- 
tor module (which only works if you 
have that option), the logic analyser 
port and a USB host port for flash 
drives and such. 

At the rear are the BNC sockets for 
the trigger input and output, mains 
connector and expansion port. There 
is an additional USB host as well as 
a USB device port on the rear. This 
allows for connection to a printer as 
well as a PC to control the oscilloscope 
functions. 


Accessories 


Standard 1.2m-long, 10:1 probes are 
provided for each channel. Each probe 
comes with a generous assortment of 
bits: the usual hook probe adaptor, 
earth alligator and spring clips, colour 
coding bands, spare points, RF connec- 
tor adaptor and IC pin probes. 

Another nice feature is the clip-on 
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Fig.4: the “snapshot measurement” mode which shows all 
the vital parameters in once place, for a single channel. 
This avoids fiddling with the measurement menu when 
you want to check a single figure. The problem is that this 


obscures the displayed waveforms themselves. 
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moulded plastic cover which protects 
the scope while you are carrying it but 
it also keeps dust off the knobs and 
screen when not in use. 

Also provided are a mains power 
cord, user manual (on a flash drive) 
and calibration certificate. For the 
mixed signal models, the appropriate 
logic analyser dongle and test clips 
are provided. The user manual is very 
well-written and is quite detailed; so 
many scope manuals are not. 

Another excellent design feature is 
the compartment located at the top of 
the unit, to the rear. With some careful 
arrangement, four probes with hook 
adaptors and earth leads can be stored 
inside. This is great for transporting 
the scope and should also reduce 
workbench clutter when the oscillo- 
scope is not in use. 

The provided probes have auto- 
sensing support but the 2000X series 
oscilloscopes do not. Since they have 
a fixed 10:1 attenuation and this is the 
default setting, it isn’t really a prob- 
lem. If you use different probes then 
it is necessary to manually select the 
attenuation factor for correct voltage 
scaling. 


Logic analyser 

The logic analyser on the mixed 
signal models has eight channels on 
the 2000X series and 16 channels on 
the 3000X series models. They have 
all the typical features and voltage 
threshold levels can be set anywhere 
between -8V and +8V. The channels 
can be displayed and used for trig- 
gering, including a “pattern” trigger 
which waits for a certain state to ap- 
pear on some or all of the lines. 
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Fig.5: the new measurement selection window, showing 
how measurements are grouped and the diagrams which 
indicate how they work alongside. This prevents confusion 
over what you are actually measuring. 
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Here’s how that optional LAN/VGA module connects into the scope — the snap- 


out cover is removed and the module simply slides into place. The ring and 
socket on the left side is for a Kensington lock which prevents both the scope 


and module from being stolen. 


The digital inputs can be grouped 
arbitrarily into one or two buses, with 
the content of each bus displayed as 
binary or hexadecimal values. You can 
then set the pattern trigger to occur 
when a particular value appears on 
a particular bus. The bus can then be 
displayed in addition to the individual 
digital channels that it comprises (see 
Fig.7). 


Optional features 

In addition to the mixed signal mod- 
els, quite a few options are available. 
This includes an inbuilt signal genera- 
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tor, a GPIB module, an ethernet/VGA 
module and serial decoding modules 
for the 3000X series MSOs (I2C/SPI, 
RS323/422/485/UART and CAN/LIN). 

Our review model was provided 
with the signal generator and ethernet/ 
VGA modules. The signal generator 
option is particularly handy as it gives 
you all the usual features without the 
need to have a separate unit on your 
workbench. All related functions are 
accessed via a “WaveGen” button 
which lights up blue when the genera- 
tor is active. 

The waveform choices are sine, 
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Fig.6: in this screen shot we are using the “math” menu to 
generate a third trace which is the sum of two captured 
waveforms. The multiply mode is especially useful for 
power measurement. 
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square, ramp (triangle), pulse, DC and 
white noise. In all cases the DC level 
(offset) is adjustable and except for 
DC, the amplitude can be set, either as 
a peak-to-peak voltage or by defining 
the minimum and maximum voltage 
levels. Frequency/period can be set for 
all modes except DC and noise. There 
are other parameters too like square 
wave duty cycle, ramp symmetry and 
pulse width. 

The waveform generator can be syn- 
chronised with the oscilloscope trigger 
system or it can produce a separate 
sync pulse. It can also be synchronised 
with the mask system. 

The maximum generator frequencies 
are 20MHz for sinewaves, 10MHz for 
square and pulse (which are no longer 
quite square at maximum frequency) 
and 100kHz for ramp. The amplitude 
is generally adjustable from 20mV to 
5V peak-to-peak. The 1kHz sinewave 
output has around 0.2% harmonic 
distortion which is not unreasonable 
given its large frequency range. 

The combined Ethernet/VGA mod- 
ule slides into the rear of the unit 
and clips in place, providing the two 
additional ports without taking up 
extra space. 

The VGA port duplicates the LCD 
content on an external display and this 
could be useful for those with vision 
problems or in training/educational 
situations as the output can be con- 
nected to a projector. 

The Ethernet port allows for remote 
control and for data to be loaded onto 
and off the device. But USB connectiv- 
ity is so convenient, this does not seem 
especially useful. It could be handy in 
automated test and production envi- 
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Fig.7: a demonstration of the Mixed Signal Oscilloscope 
mode with bus support. This shows the usefulness of 
channel labelling. With the serial decoding options, serial 
buses can also be displayed. 
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ronments or for long-term logging and 
testing. Interestingly, with the LAN 
module, the oscilloscope can provide 
a web interface. 

Another option provides “segment- 
ed memory”, which allows multiple 
waveforms to be captured separately, 
in sequence. You can then switch be- 
tween them for display and analysis. 


Possibilities for improvement 

With this new range of oscillo- 
scopes, you get a very capable unit 
for a reasonable price. But there are 
a few areas in which we feel software 
changes could make it even better. For 
example, while the screen is large, 
you cannot actually use its full width 
to display waveforms. Instead, to the 
right of the screen is permanently 
displayed information such as the 
acquisition mode and rate, the probe 
division ratios and the quick meas- 
urements. While this is all useful, it 
isn’t always vital and we would like 
to use the full width of the screen just 
for the waveforms. No such option is 
in evidence. 

And with such a large screen it 
should be possible to show more than 
four measurements. Again, this may 
mean hiding the acquisition and probe 
data but we would happily do so to 
be able to show eight or ten measure- 
ments at once, without obscuring the 
waveform area. 


The 3000X series 


For more money you can get a 
scope in the 3000X series, which is 
physically quite similar but has some 
important improvements, some of 
which have already been mentioned: 
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Fig.8: here the “math” FFT mode has been applied to a 1 
sinewave. Its resolution is limited at low frequencies so this 
mode is more useful for RF signals than audio signals. The FFT 


16 digital channels, serial decoding 
options and the substantially larger 
sample memory (2Mpoints). 

In addition, there is more bandwidth 
(up to 500MHz), a doubled sampling 
rate of 2/4 gigasamples per second and 
the waveform update rate sky-rockets 
to one million per second. The 3000X 
series also has support for active 
probes, probe auto-sensing capability 
and waveform search and navigation. 


Educational features 


These scopes have a number of 
features tailored for the educational 
market, especially electrical and elec- 
tronic engineering labs in universities 
and technical schools. We already 
mentioned the VGA output option but 
there is also a “training mode” option 
(called the Education Oscilloscope 
Training Kit). 

With this, it is possible to configure 
the scope’s signal generator to produce 
a series of waveforms which present 
students with particular challenges. 
These signals are available at the 
“Demo 1” and “Demo 2” terminals at 
the front of the scope (one of which 
doubles as the calibration signal 
source) and the separate waveform 
generator option is not necessary to 
use this feature. 

Note that some of the training 
signals use two channels, hence the 
two outputs. For example, the “phase 
shifted sine” option presents two sine 
waves with a phase difference between 
them at each of the two training (demo) 
outputs. 

Some of the other signals include 
occasional errors, either “glitches” 
(occasional deviations in pulse width 
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configuration menu can be seen at the bottom of the screen. 
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or rise/fall-time) or “runts” (pulses 
with lower than normal peak voltage). 
Students can use this mode to learn 
how to adjust the scope in order to 
observe these occasional phenomena. 
See Fig.9 for an idea of the training 
signals available. 

As mentioned earlier, one of the ma- 
jor advantages of having a scope with 
a fast update rate is the ability to catch 
glitches more easily, so the training 
mode also gives a good demonstration 
of the capabilities of this series. 

Agilent recognise the educational 
potential of these new models and 
are offering literature for teachers and 
students, to guide them through this 
process. These documents are down- 
loadable, free of charge. In educational 
situations, it is also possible to disable 
the “Auto Set” button so that students 
learning how to use the various sys- 
tems can’t take a shortcut. 

Trio Smartcal are currently offer- 
ing a special deal for educational 
institutions when purchasing 2000X 
or 3000X-series oscilloscopes. The 
signal generator and training mode op- 
tions will be included at no additional 
cost, in addition to their normal 15% 
discount for educational institutions. 
They plan to keep this deal running 
for as long as possible. 


Additional benefits 


Past contributor David L. Jones 
made an interesting point at the launch 
event: the training mode is useful for 
experienced scope users too. If you 
are trying to capture a glitch which 
occurs very infrequently, you want to 
be sure that you have set the scope’s 
trigger system up properly. If it is not 
set correctly, you could wait all day 
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Fig.9: the menu (accessible via the Help button) which 
allows the user to select from the available training signals, 
if that option is installed. This list is incomplete, as you can 
see from the scroll arrow at the bottom of the menu. 


and then miss that one glitch. 

Using the built-in glitch generator 
in the training module, you can check 
that the trigger is activating properly, 
then simply swap the probe(s) over to 
the prototype. Users who are debug- 
ging high speed digital logic circuits 
(where occasional glitches can be an 
issue) may wish to purchase the train- 
ing module for this reason. 


Upgrade path 

Earlier, we mentioned that there are 
several options available and we are 
glad to say that these can be purchased 
at any time. But have not yet revealed 
just how upgradeable these scopes are. 

While there are 26 new models, in 
reality you only need to decide be- 
tween four main options. These are the 
2- and 4-channel 2000X-series models 
and the 2- and 4-channel 3000X-series 
models. 

You can then purchase and apply 
upgrades at any time, even going 
to a wider bandwidth after having 
purchased the scope! Other upgrade 
possibilities are more memory, adding 
the signal generator or logic analyser 
(turning a DSO into an MSO), adding 
the segmented memory option and so 
on. This has not been possible with any 
previous scopes (officially, anyway). 

If you know exactly which features 
you want, you can purchase the par- 
ticular model and options up-front but 
even then, you still have the possibility 
to upgrade it further. Almost all the 
upgrades are performed by entering a 
code so there is no need to send the 
unit out. The exception is when a 3000 
X-series scope is upgraded to from 100- 
200MHz to 350-500MHz bandwidth. 

One interesting option we have 
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Fig.10: the blue trace is the output from the generator 
which has been connected back to channel 3 and the 
yellow trace shows the distortion residuals as measured by 
an Audio Precision System One analyser, at 0.15%. 


not mentioned yet, which is only 
available with the 3000X-series, is a 
“power measurement and analysis ap- 
plication”. This could be quite useful 
for those designing or fixing power 
supplies. 


Conclusion 

These are cheaper scopes than these 
available. There are also more capable 
scopes available. But there really isn’t 
anything right now that offers so much 
performance for so little money. 

These two new Agilent scope series 
are a major leap forward in terms 
of the performance and ease-of-use, 
available at a very reasonable starting 
price. The large range of models and 
options allows you to customise the 
oscilloscope to your needs and even 
the most basic models have an excel- 
lent set of features. 

The model we have reviewed, the 
MSO-X 2024A, costs $3580 plus GST. 
The signal generator option is $539 
plus GST (771 for the 3000X); training 
mode is $539 plus GST and the LAN/ 
VGA module is $426 plus GST. 

If this seems expensive, do not fret 
because the 2-channel, 70MHz DSO- 
X 2002A is $1328 plus GST and the 
4-channel, 200MHz DSO-X 2024A 
(without logic analyser) is $2824 plus 
GST. 

At the other end of the scale, the 
deluxe MSO-X 3054A with 4 channels, 
500MHz bandwidth and 16 channel 
logic analyser is $12,514 plus GST. 

There are 26 models in all, not 
including the options. For further in- 
formation on the models, or to make a 
purchase, contact Trio Smartcal. Call 
1300 853 407 or visit www.triosmart- 
cal.com.au $C 
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CIRCUIT NOTEBOOK 


Interesting circuit ideas which we have checked but not built and tested. Contributions from 
readers are welcome and will be paid for at standard rates. 


Mains timer for 
battery chargers 


We all have mains rechargeable 
tools and devices but many don’t 
have smart chargers. It is too easy 
to put a drill battery on charge only 
to return, sometimes days later, to 
find a hot and probably overcharged 
battery. Mechanical timers (with the 
little plastic keys) can be used but 
they are fiddly and inconvenient. 

This simple timer using a PIC- 
AXE08M micro is the answer. It 
switches power to a GPO (mains 
power socket), either during or at 
the end of a timing cycle, and has 
four timing periods which can be 
easily selected. The program allows 
a reset of the timer with any change 
in position of switch S1 or S2 during 
the timing period and S2 will reset 
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the PICAXE-08M after the timing 
period is complete. 

Diodes D1-D4 set up the logic via 
S1 to inputs P3 and P4 for the four 
timing periods of 1, 2, 3 or 4 hours 
duration. S2 is a SPDT centre-off 
switch. According to the program, 
in the centre-off position, ADC input 
P2 is at 5V which resets the timer. 

In the “Off Time” position, P2 will 
be 2.5V, the 5V being divided by the 
two 10kQ resistors. In this setting, 
relay RLY1 will not be turned on 
until the timing period has ended. 
This function could be used to delay 
turning on a slow cooker. 

Conversely, with S2 in the “On 
Time” position, pin 2 will be OV and 
relay RLY1 will operate during the 
timing period. This supplies 230V to 
the charger and then switches it off. 

LED1 is a flashing type with low 


K 
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current drain, so no current-limiting 
resistor is required. LED2, across 
the relay coil, is a GPO mains on 
indicator. 

You can change any of the four 
timing periods to a value between 
one second and over 18 hours by first 
calculating the number of seconds 
required. This then becomes the new 
value of Word1 (W1) in the program 
for the desired switch position. The 
set time is approximate and varies 
by a few seconds due to the internal 
clock speed and the time the PICAXE 
takes to execute the program. How- 
ever, this is insignificant for the 
purpose of this project. 

The software, GPOTimerACD.bas, 
can be downloaded from the SILICON 
CHIP website. 

Paul Walsh, 

Montmorency, Vic. ($80) 
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Available Aust, only. Price: $A14.95 plus $10.00 p&p per order (includes GST). Just fill in and mail the handy 
order form in this issue or ring (02) 9939 3295 and quote your credit card number. 
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Chirp suppressor 


for a car alarm 


This circuit was produced to sup- 
press the chirps from a Mongoose 
car alarm. 

Most car alarms these days allow 
you to disable the arm and disarm 
chirps in software. However, this 
particular Mongoose alarm won’t 
let you disable the auto-immobiliser 
chirp which sounds 30 seconds after 
you have turned the key off. Nor can 
you disable the “chirp chirp chirp 
chirp .. .” when you accidentally 
turn the key on with the alarm in this 


PIC-based square- 


wave generator 


While a 555 timer or Schmitt- 
trigger oscillator can be used to 
generate variable frequency square 
waves, this circuit has better fre- 
quency stability and repeatability. It 
can be handy for checking amplifier 
operation, for measuring amplifier 
transient response and stability and 
for signal injection when servicing 
AM radios. 

The PIC12F675 microcontroller 
(IC1) can be powered from three 
1.5V button cells (AA and AAA 
cells also work). The square wave 
output appears at pin 6 (GP1) and 
is AC-coupled using a 100uF capaci- 
tor and 2kQ pull-down resistor, so 
that it is symmetrical about ground. 
Potentiometer VR1 (2kQ) allows the 
output level to be adjusted and keeps 
the output impedance at 500Q or 
less, by dint of its voltage divider 
action. 

Switch S1 turns on the device 
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(immobilised, but not armed) state. 

The circuit connects between 
the alarm controller’s “siren trig- 
ger” output wire and the input to 
the battery-backed siren device. In 
essence, it blocks any signal that is 
shorter than about one second. This 
has the effect of blocking all chirps 
(arm/disarm/auto-immobilise/key- 
on-when-immobilised) and it only 
adds a 1-second delay to the siren 
sounding when a real break-in event 
occurs. 

The circuit also has to cater to the 
siren’s “anti-tamper” detection facil- 
ity which can detect when the trigger 


while tactile pushbuttons S2 and 
S3 allow the output frequency to be 
set. By default, the available output 
frequencies are 200Hz, 1kHz, 2kHz 
and 10kHz. Pressing S2 sets the 
frequency to 200Hz while pressing 
S3 advances to the next frequency. 
After 10kHz it goes back to 200Hz. 

The timebase for all frequencies is 
derived from IC1’s internal 4MHz RC 


wire is cut. This is achieved with a 
4.7kQ resistor between the trigger 
wire and earth when the siren is not 
sounding. If the circuit is housed in 
a hidden location (ie, up in the dash 
near the alarm controller) then the 
anti-tamper detection continues to 
work as originally designed (ie, if 
the trigger wire between the circuit 
and the battery-backed siren is cut, 
the siren will sound). 

The circuit works as follows. 
When no 12V signal is received from 
the alarm controller, the battery- 
backed siren is connected to OV via 
the 4.7kQ resistor at the collector of 
PNP transistor Q2 and therefore the 
siren does not sound. 

However, when a 12V signal is 
received from the alarm controller, 
the 100uF capacitor charges via the 
22kQ resistor until the voltage across 
zener diode ZD1 reaches about 8V at 
which time base current flows into 
the base of NPN transistor Q1. This 
process takes about two seconds. 

When Q1 conducts it turns on Q2 
and this applies 12V to the trigger 
wire for the siren, thereby causing 
it to sound. 

Peter Mundy, 

Nelson, NZ. ($50) 


oscillator which is factory calibrated 
to within 2% over a temperature of 
0-85°C. The available frequencies 
can be changed or augmented by 
modifying the source code. 

Both the source code and hex file 
can be downloaded from the SILICON 
CHIP website (PIC_square_wave.zip). 

Alex Sum, 

Eastwood, NSW. ($55) 
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H-bridge circuits 
for robotics 


While the dual-motor control 
circuit for robotics applications (SILI- 
CON CHIP, December 2010, p58) uses 
low-cost parts, it does use rather a lot 
of them; 36 to be precise. If you don’t 
have those parts in your collection, 
it could be an expensive exercise. 

Asan alternative, typical H-bridge 
ICs contain all the drive components 
and in some cases include protection 
diodes as well. After reviewing over 
25 H-bridge ICs from various manu- 
factures — Texas Instruments (TI), 
Rohm, ST Microelectronics (ST), 
National Semiconductor, Freescale 
(FS), Intersil (IN), Harris Semi- 
conductor (HS) and International 
Rectifier (IR), I weaned them down 
to those listed in the accompanying 
table. Two circuits were then built 
which featured readily available ICs 
from au.element14.com 

Circuit 1 uses the Texas Instru- 
ments SN754410 or TI/ST L293/ 
L293D Dual H-Bridge rated for 1A 
from 4.5V to 36V DC in a PDIP 
package. Circuit 2 uses an ST Micro- 
electronics L298 dual H-bridge rated 
at 4A from 5V to 46V DC in a Multi- 
watt 15 package. 

As with the design referred to 
above, the suggested ICs will drive 
two motors in the forward or reverse 
direction and if the enable input is 
used, stop the motor. The ICs have 
internal output transistor protection 
diodes, thus reducing the compo- 
nent count even further. 

The detection circuit remains the 
same: two LDRs (or microswitches) 
provide the direction of travel infor- 
mation. If the path is clear in front 
of the LDR then it will have a low 
resistance (logic ‘0’). Conversely, if 
the path is blocked it will have a 
high resistance (logic ‘1’). Logic ‘0’ 
= Forward; Logic ‘1’ = Reverse. 

A 4069 CMOS hex inverter has 
been added to provide a positive 
switching point and an inverse di- 
rection signal for the motor control 
IC. Allowing the motor to go into 
reverse if an obstacle is detected 
results in the robot backing away 
to clear the obstacle. As soon as the 
sensor is cleared, the motor will 
switch back to the forward direction. 

Should additional direction logic 


siliconchip.com.au 


4069B/6 


CIRCUIT 1 


4069B/6 4069B/6 ref 
BD6211F 


BD6221F 


CIRCUIT 2 


Manufacturer Part # Package HType Voltage Current Cost 


TI/ST L293 L293D 
[Romm | BD6211 | socas | Singe | 7 | 
CORON _| BDE | Soia | Singe | 7 | 
| Rohm | BD6220 | soics | Singe | 18 | 


P05. | 
ped 


| Rohm | BD6222 | socs | Singe | 18 | 20 | $0.40 | 
| ST | l2% | Multiwatt15 | Dual | 5-46 | 4.0 | $9.50 | 
| NS | LD 18201 | Multiwatt 15 | Singe | 5:55 | 3.0 __| $10.50 | 
| sT | 162235 |PowerDiP20| Dual_| 8-52 | 14 | $11.55 | 

| 17510 | tssop24 | single | 415 | 12 [| - | 


| sT | vnzz2k | soicas | Dual | 55-36 | 
[JRC | Num2675 | PDIP | Singe | 4-55 | 
oahs | mpag | Pop d Dier d Si] 
| IR  [|auRs2oo3| soics | Driver | 10-20 | 


control be required a small micro | cated direction logic to be provided. 


could be substituted in place of the Mike Abrams, 
hex inverter to allow more compli- Ipswich, Qld. ($80) 
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LED light 
controller 


This circuit controls a number of 
LED lights powered from a 12V bat- 
tery. They can be manually switched 
on and off but if the battery voltage 
drops below a preset threshold, they 
go off automatically. It also displays 
the battery charge state. 

It is useful when a vehicle battery 
is used to power lights (eg, while 
camping) as it ensures that the ve- 
hicle will still start in the morning, 
even if the lights are left on. Each 
of the three outputs can power up 
to about 10W of lights (eg, high- 
brightness white LEDs). 

The upper half of the circuit 
implements the on/off switch and 
low battery cut-out. This section 
is powered from the battery via a 
100Q current-limiting resistor, 15V 
zener diode ZD1 and a 100uF filter 
capacitor. This protects the circuitry 
from battery voltage spikes, eg, when 
starting the motor. 

REG1 is a 2.5V shunt reference 
and its bias current is set to around 
6304A by a 15kQ resistor. Its output 
is filtered with a 10uF capacitor and 
then divided using VR1. VR1’s set- 
ting determines the battery voltage 
at which the lights are switched off. 
The battery voltage is divided down 
by the 47kQ and 4.7kQ resistors, 
filtered by a 100uF capacitor and fed 
to pin 3 of comparator [C1a. Its pin 
2 is connected to the wiper of VR1. 
When the battery voltage is below 


As you Can see, we pay good 
money for each of the “Circuit 
Notebook” items published in 
SILICON CHIP. But there are 
three more reasons to send in 
your circuit idea. Each month, 
at the discretion of the edi- 
tor, the best contribution 
published will entitle the 
author to choose a prize: 
an LCR40 LCR meter, a 
DCA55 Semiconductor Component 
Analyser or an ESR60 Equivalent 
Series Resistance Analyser, with the 
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the preset threshold, the voltage at 
its non-inverting input (pin 3) goes 
below the voltage at its inverting 
input (pin 2) and the open-collector 
output switches on, pulling pin 1 
low. Positive feedback via the 10kQ 
resistor provides hysteresis since 
when the lights switch off, the bat- 
tery voltage can jump substantially 
and this might otherwise cause os- 
cillation. 

The other half of the dual compa- 
rator, IC1b, buffers the output from 
IC1a and this controls an RS flipflop 
formed from two NAND gates, IC2c 
and IC2d. If either input to IC2d 
(pin 12 or 13) is pulled low, IC2d’s 
output goes high and the latch is 
reset, switching off Mosfet Q1 by 
pulling its gate high. This cuts power 
to the lights. 

Pin 12 of IC2d is pulled to ground 
by IC1b if the battery voltage is too 
low and therefore the lights remain 
off until the battery voltage increas- 
es. The lights can also be turned off 
manually, by pushbutton S2, which 
pulls pin 13 of IC2d to ground. If the 
lights are off, they can be turned on 
with pushbutton S1, which pulls 
pin 13 high. 

If the battery voltage is below the 
threshold, pulling pin 13 of IC2d 
high would not normally turn the 
lights on since pin 12 is low. How- 
ever, pushbutton S1 also increases 
the voltage at pin 2 of IC1a via a 
47kQ resistor. With S1 pressed, the 
100uF capacitor at IC1a’s pin 3 input 
charges to a higher voltage than usu- 


compliments of Peak Electronic Design 
Ltd — see www.peakelec.co.uk 
So now you have even more reasons 


al, allowing S1 to 

override the low 
battery cut-out if 
it is held down. 

The lower half of - 
the circuit allows the battery 
charge state to be determined. It is 
only powered while pushbutton S3 
(test) is pressed, enabling the bar- 
graph. In this case, NPN transistor 
Q2 is turned on and if Q1 is also on, 
red LED11 flashes. 

The bargraph circuit is based on 
IC3, an LM3914 10-LED driver. It is 
based on the Vehicle Multi-Voltage 
Monitor circuit from the May 2006 
issue of SILICON CHIP. 

The battery voltage is reduced by 
a resistive divider consisting of a 
1.2MQ and 100kQ resistor and then 
applied to pin 5 of IC3, the signal in- 
put. This voltage is compared to the 
MAX and MIN reference voltages, 
set by trimpots VR3 and VR4. De- 
pending on the relationship between 
these three voltages, some or all of 
the 10 LEDs (LEDs1-10) light. 

Trimpot VR2 adjusts the bargraph 
LED current and thus sets the bright- 
ness. 

To set up the circuit, calculate the 
lowest tolerable battery voltage and 
then divide this by 5.41. Then, adjust 
VR1 so that its wiper voltage match- 
es your calculation. For example, to 
switch the lights off once the battery 
reaches 11V or less, set VR1 so that 
its wiper is at 2.03V. Instructions for 
adjusting trimpots VR2-VR4 can be 
found in the Vehicle Multi-Voltage 
Monitor article (May 2006). 

Peter Shooter, 

Fremantle, WA. 


to send that brilliant circuit in. Send it to 
SILICON CHIP and you could be a winner. 
You can either email your idea to 
silicon @siliconchip.com.au or post it 
to PO Box 139, Collaroy, NSW 2097. 
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Discounts 


Be 


One-Stop April 


| 3 In 1 All-Terrain Robot Kit 
Great fun for the kids to build and 
play with! This single kit can be 
built (and re-built) three ways to 
create a forklift, all-terrain rover or 
gripping ‘pick up’ ms 
machine. Lifting capacity 
=100g. Includes wired 
remote control. K 1095 


SAVE $184 


°495 | O 0100A 


DMM & 8MHz Digital 
Storage Oscilloscope 
High performance 
autoranging DMM and 
8MHz digital storage 
oscilloscope in one unit! 
USB datalogging. Supplied 
with rechargeable batteries, 
charger, holster probe 
adaptor, PC software & test 
leads. UNI-T 81B 

Full specs online. 


{ Can be re-assembled into a 
| new machine in just 1 hour! 


| 


Subwoofer Sensation! 

This high power subwoofer adds mind blowing 

2m realism to your home theatre system. 

Massive 180W 10” driver with built in amplifier 
producing a tiny 0.1% THD. A stunning frequency 
response of 35Hz-1KHz. © level control * crossover 
adjustment * phase reversal switch, Pick up a 10m 
subwoofer lead to suit P 6424 $34.90. 


SAVE $40 


SAVE $40 


X 7062 


See Inside Walls, Pipes & Conduits... Monitor & Record 
„with this handheld inspection camera & detachable | Weather Conditions At Home 

wireless LCD monitor. Great for accessing difficult locations | Providing an instant snapshot readout of conditions, plus 

such as wall cavities, ceiling spaces, pipework, industrial | the ability to log long term trends via PC! 

machinery & engines, Requires 4xAA batteries for camera | Includes wireless sensors, touchscreen base station and 

Screen fitted with rechargeable battery (charger included). | PC software allowing you to log indoor/outdoor 


| temperature, humidity, barometric pressure, rainfall, wind 


Lower interference ) 


| Fishing & recreation k 
than 2.4GHz versions! | 


iii | chill, wind speed and direction. Requires 5 x AA batteries | Market gardeners | 5. GHz Wireless Audio & Video Sender 
SAVE 18% | (S 4956 $6.80 pk/4). Base station dimensions 230 x | Boat & yacht owners | Great for wireless CCTV! © Transmit stereo audio & 
| 145 x 33mm. Windows 2000/XP/Vista/7 compatible. a composite video without cables from one room to 
—— manaa another * 30m range * Works with Foxtel” » Infra- 
REYTT red sender built in * Compact design 120x65x30mm 


* Includes transmitter, receiver & plugpacks. 


Includes remote | 
terminator, test | 
leads, ethernet | 


f 
f 
f 
f 
f 
f 


$300 


adaptors & | 
| carry case. | NEW Redback’ DAB+ Digital FM Tuner 
i ene — This stylish digital DAB+ radio tuner provides instant access to local digital FM 
2-In-1 Digital Multimeter & LAN Tester. stations. All stations and settings can be easily accessed via the front LCD screen 
An ‘all in one’ solution for IT technicians & network and jog dial. e 10 digital and 10 FM station presets + S/PDIF & RCA outputs. “Picture Hanging” TV Bracket 
installers. Autoranging multimeter provides, current, voltage e Remote control + Size: 430 x 256 x 76mm. Mount your TV just like a picture on the wall. 
and resistance with max/data hold functions. LAN tester Features reinforced wall mounts, steel cabling & TV 


support for connecting cables with ease. Suits 32- 
55” TV's. 50kg max. 


quickly tests lead integrity. 


A 0967 5 Dioptre 


HDMI Signal Booster | | 
Daisychain HDMI leads together - up to | 
35m! Easy to set up - plugs inline roe 
between two leads. Supports 1080p | NO MORE EYE | 
¿© STRAIN! 


L ees | 


A 0966 3 Dioptre 


SAVE $30 


| Create your own PCBs 
| and save a fortune! 


[30 


| 1 cat fie t | 

| mar © igit ; . D 2342 Get first class results for your one-off | . sabes 

| — P f praras — h | PCBs with this easy to use etchant | Illuminated Magnifying Lamp 
ee ae | > Soc nes purp ark and | Flea whe ae tibe or a tp von 
| d » ' ; ‘ a f for suspending PCB's. Add on a | Identify tiny components, without straining your eyes. 
| o | ! | | i 

| Japanese ceramic heating element for long life. 200° to Extend USB Up To 50m | T 3202* tank heater ($33.35) to 300mm adjustable gooseneck. Great for stamp/coin 


These 10m active USB leads can be 
daisychained up to 50m. No power 
required, just plug and play! 


3 Electronics Peth WA: 174 Roe st 
A LT non IC b) Enthusiast Centres: Auburn NSW: 15 Short St 


ONE-STOP ELECTRONICS SHOP 


| 480°C. 


L 


| speed up the process. “Heater cannot | collectors, mode! makers, seamstresses, jewellers & 
more! Spare fluoro, A 0969 $8.50, 240V operation. 


be used with ammon ulphate 


Springvale VIC: 891 Princes Hwy 
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NiMH 2 Hour Battery gF 


outlets A 0342 $1. 95ea. 


Handy Power Products 


SAVE 15% 


OO a 
Great for remote 
power systems | 


N 0704 


Compact 5W Solar Power Module 
Features an amorphous 5W module protected behind 
tempered glass. 400mA output current, ideal for charging a 
12V SLA battery. 32x47cm 


Use It at home or on the road! Charge 4 
x AA or AAA batteries in just 2 hours. 
LCD readout provides bargraph charge 
status. Note: Not suitable for use with low 
discharge NiMH batteries (S 4704/8) 


( Plug-in Mains Energy Meter 
How green is your family? 

| Monitor energy usage of any 

| appliance in the home. Simply ye 


| plugs into a standard GPO and Seq 

| displays usage in kW/h or dollars 

| 2400W max. | 

| P 8133 | 
Shows the real | EZUZ ry 


| *45 | | | 
{ 
} 


| running costs of | 
; your appliances j 


Quality NiMH Rechargeables 
Recharge up to 1000 times, pay for 
themselves in just a few uses! 


SAVE 20% 
M 8627A 


Charge Your Laptop In The Car 
This compact supply simply plugs into a car accessory 
socket & provides regulated power to a laptop. Selectable 


voltages 15, 16, 18, 19, 20, 22 and 24VDC, up to 120W. 
Supplied with 8 adaptors to suit most laptops. 


Home Battery Charger 

Charges four AAA/AA/C/D or two 9V < 
cells! A great way to keep batteries 
charged up for any appliance. Four 
charging bays with LED indicators. Suits 
NiCAD or NiMH cells. 240V mains 
operation. Batteries not included. 


4 M 8620A 
SAVE 22% 


| *19 | 


Multivoltage Car Power Supply With USB 
Simply plugs into your car accessory socket & keeps your 
portable devices powered up. Keeps game consoles 
charged on long road trips! 3-12VDC adjustable, 1.8A max. 


l 


Save power j 
around the house | | 


8261 20A | 
NEW! 


š | ® A | 

Switch Appliances On P off | Powertran® Lab Power Supplies | 

By R te Control | These compact, fan cooled, switchmode | 

y Remote = ro | power supplies deliver up to a huge 30A M 8263 30A | 
Up to 20m range! Control up to 5 } regulated output, adjustable between NEW! 


mains sockets from one remote allow- 
| ing ON/OFF switching for up to 
1000W of appliances per socket. Extra 


| 9 and 15V, plus fixed 13.8V setting. 
| 155x70x205mm. 


i 


_ Efficiency o over r85% } ‘Low noise c 


Express Order 


Phone: 1300 797 007 
Fax: 1300 789 777 


‘649 } 


SAVE $80 


Service Vans 


240V Mains Power Anywhere, Anytime! 
Efficient ‘pure sine wave’ design delivers pure AC power. High 3000W surge rating for powering 
difficult to start loads such as microwaves, computers and televisions. 

1000W continuous. 12V input. Size: 405 x 320 x 125mm 


Complete Power Protection & Backup 
This Powershield Compuguard UPS unit will prevent 
damage caused by power fluctuations or blackouts. 

* 650VA capacity - backup power for 15 min. 

* Surge/spike protection * Clean power for valuable 
equipment Ħ Phone line spike elimination 

* Monitoring & shutdown software. D 0877A 


"Power protection for. PowendpiShield 
Computers. | “Home Theatre | Security Systems | 


CA 


SAVE $10 


e 


Professional Dual Tracking Power Supply 
Three power supplies in one unit; two 0-30V 3A plus a 1.5-6V 5A auxiliary! Ideal for testing, 
repairing or R&D on equipment with split voltage rails, Built-in digital volt & current meters for 
precision accuracy. Supplies can operate independently, in series, or parallel. * Overload & 
short circuit protected * Excellent regulation * Floating outputs * 379 x 135 x 280mm 


Powertran® 144W Laptop/Notebook Power Supply 
Ideal as a replacement or extra laptop supply. USB output powers peripherals, Includes 9 tips 
to suit most laptops. Selectable voltages (12-24VDC), max 8.5A. Includes mains lead. 


Precision 6 Stage 12V Seat Battery Charger 
Utilises a microprocessor to ensure your battery is in tip-top condition whenever you need it. 
Diagnoses battery state of charge and delivers an appropriate current. * Helps to extend the 
usable lifetime of the battery * Recovers batteries with slightly sulphated plates « Suits SLA 
wet cells, gel cell & ses batteries + 14.4V @ 6A max * Size: 200 x 90 x 45mm 


Hotlines: 


www.altronics.com.au 


ALTRONICS 


Save On CCTV & Security 


S9116B | 


| PRICE BREAK-THROUGH! ` = 


| 0. 01 Lux [420 line resolution | “Sony” cco ) Sensor | 


| Colour Ceiling Dome Camera 
| * Adjustable angle * Low noise picture ¢ 
M 9272A plugpack to suit $17.95 ° 1140x64mm 


Í Vandal Resistant 
| OLux 


| IP65 Weatherproof | 550 Line Hi- Resolution | 


High Resolution Dome Camera 
* Top quality picture * Metal housing * 4-9mm 
varifocal + M 8932 plugpack to suit $20.95 


| All metal housing | S 9137B | 


| 0 Lux | P65 Weatherproof | [540 Line HiResolution a) 


| IR Weatherproof Vari-Focal Camera | 


| * 50m IR range * 4-9mm varifocal + M 8932 
| plugpack to suit $20.95 * 295x120x103mm 


Video & Power Long Distance Baluns 
Sends video signal and power to your camera up 
to 100m away. Uses Cate cable, far cheaper 
than coax! Sold in a pair - no power required 


Cat5e UTP nant 

Data Cable Cama 

Handy 100m | 
pullbox. Blue only. _ å Y 


S 9902 
pictured. 


| 585 | S 9440 


Video Recorder 


the included 4GB micro SD 


S 5333 


Affordable CCTV Surveillance Packs. 
Each pack includes: * 4 channel H.264 digital video recorder * 4 pro grade cameras * 4x 20m 
BNC & power combo leads * Power splitter lead * Power supply. Great size for a small business or 
family home. Simply add a hard drive (see right) and plug it in! S 9900 includes 4 x dome cameras. 
S 9901 includes 4 x weatherproof outdoor cameras. S 9902 includes 2 of each camera type. 


4 Channel 


SAVE 14% 


Portable Mini Digital 


Fits right in your pocket and 
records audio and video to 


card, Great for security 
personnel. Recharges via 
USB, 640x480 resolution 
Just 74mm high! 


neo one 


CCTV Power Supply With 

9 x 12VDC Outputs 

A central CCTV power supply providing 
9 x 12VDC outputs, each at 500mA. 
Individually fused. Simply plugs into a 
standard mains outlet. Size 
203Wx203Hx54Dmm 


SAVE 15% 


Wall Mount IR Beam Sensor 
Ideal for alarm triggering across wide 
entrances such as rollerdoors & 
driveways. Water & dust proof. NO/NC 
trigger output. 40m range. Adjustable 
beam. 11-18VDC power. 


H.264 Compression | Live Internet Viewing | 


“Just add ah hard i drive and go! P 


( 


| 


SAVE 22% 


Ideal for home | 
or business _/ 


Waterproof RFID 
Keyless Access Pad 
Can be set up to require both 
RFID & keypad access or RFID 
only. 3 relay outputs; 2 x 3A 
NC/NO for door strike/alarm 
triggering, 1A aux relay. 129H 
x 84W x 41Dmm. Extra tags 
$9.15 (S 5376). $5373 


SAVE $30 


| Install yourself & save! 
L 


120° view | | 25 5”. colour screen 


Waterproof camera j J 


| 
| 


Colour Reversing Camera & Monitor 

A must have for hassle free reversing! The vibrant screen 
mounts discretely to your dash, while the camera fits 
into the rear bumper number plate recess. Includes a 
5m connection lead. Hooks up to the reversing lights, 
powering up when required. 


SAVE 14% 


Shop Door Minder With Chime 

Compact infra-red door beam announces whenever 
customers arrive. Features an inbuilt speaker, alarm or 
chime modes & volume adjustment. Sets up in just 
minutes with no expertise required! Includes power 
supply 


| | Optional Customer Counter Module | $5336 | | $39, 95 | | 


RUMI LERURNI NES FS RSS Sy 


Motion Triggering | 


‘$560 


SAVE $139 


(Seagate® 


D 5513 1TB $92.50 D 5515 2TB $148 


Jumbo CCTV Warning Signs 
300 x 300mm corflute security signs for 
attaching to fencing, walls etc. Not 
adhesive 


SAVE 25% 


Measure ve Light Levels Instantly! 
Checking light levels is an essential part 
of selecting the right CCTV camera. Also 
great for lighting installs. High precision 
sensor provides instant, reliable lux 
readings. Q 1270 


SAVE 18% S 9479A 


Record CCTV Footage 

Direct to your PC or Laptop. 

« Records 4 video channels & 2 audio 
channels to your hard drive. * Includes 
‘EZ-Cap' software * 704x576 recording 
resolution * Motion detect & schedule 
recording + MPEG4. 


Perth WA: 174 Roe St 


3 Electronics 


= A bu NSW: 15 Short St 
Enthusiast Centres: s...., f 
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Resellers: 


ALIA 


= 
— fGen 7210 
= rance  _ _Esperancı ications 9071 3344 
À __.___ ML Communications 9965 7555 


Air Con & Appliance Centre 5772 1147 
Radcomp 5368 1761 
___ Electronic Connections 9768 9420 
North East Electronics 5762 2710 
Top End Technology 5472 1700 
Rockby Electronics 9562 8559 
3 Cranbourne Bourne Electronics 5996 2755 
NEW KIT! ie : __Truscott's Electronic World 9723 3860 
jeelon i Academy TV Australia 5248 2621 
$449 | ; l Music Workshop 5221 5844 
The Maximite BASIC Computer Kit > Heale: ___ Amazon DVDs Healesville 59822763 
| (SC March ‘11) Utilising the new Microchip PIC32 processor, this powerful | High Power Ultrasonic Cleaner Kit sham ___ heading Edge Electronics 5382 4150 
embedded computer can read/save programs on an SD card. A keyboard input & | (SC August ‘10) Build this large, heavy duty ultrasonic 3 Leongatha _ Gardner Electronics 5662 3891 
video output is provided, plus 20 digital/analog inputs and outputs. Utilises BASIC | cleaner and blast away grime from virtually anything, using $ Melton __ Melton Electronics & Communications 9743 1233 
programming language allowing a massive scope of applications. + 128K RAM | just water & a little household detergent. Sensor can be l Nunawading Semtronics 9873 3555 
* USB connection * Powerful BASIC interpreter * Requires 9V power supply | dunked into a bucket of water for cleaning large objects. Pakenham Get Smart Hifi 5941 4886 
| (M 9237A $17.95) * SD card sold separately (DA0320 4GB $21). } Great for cleaning car parts, bric-a-brac and more! g Preston o o Preston Electronics 9484 0191 
NOE A Well nL San Remo Shorelec Electrical Wholesalers 5678 5361 
3 Somerville AV2PC 5978 0007 
More Great Kit Designs From Silicon Chip... g Swan Hil Lateral Communications 5032 2322 
Warnamboo!l Koroit St Electronics 55615111 
Wodonga Exact Computers & Home Ent. 6056 5746 
QUEENSLAND 
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32-based microcomputer with its purpose-written 
MMBASIC language. Now we’re getting on to the 
fun part: building it! 

We mentioned at the end of last month’s article that a kit 
would be available from Altronics for the Maximite. That 
has now been firmed up: a complete kit of parts, complete 
with a pre-programmed PIC-32 and already soldered onto 
the PCB, should be available this month from Altronics 
stores, resellers and internet/mail orders for just $79.95 
(Cat K-9550). That represents real value for money! 


L> MONTH, we introduced our all-new, PIC- 


Options 
Before you start on construction there are a couple of deci- 
sions to make. Firstly, you can set up the video output to be 
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VGA only or composite only or switchable between the two. 
The combinations for these options are shown in Table 
1. Most constructors will use the VGA output (ie, for a 
standard computer monitor) and for this option you only 
need to follow the circuit in Fig.2a and the component list 
in Table 1 (ie, leave out the 680Q resistor, leave jumper JP2 
out but install a 1N4148 diode in the position marked “D1”). 
If you want to use composite video (eg, to suit a TV set 
with a “video in” terminal), you need both the 680Q and 
120Q resistors, while JP2 can be wired permanently linked. 
As you will not need the VGA connector, you can leave 
that out and use the blank section of the rear panel for a 
panel-mounted RCA connector wired to CONS. 


If you wish to switch between VGA and composite you 
should install a 2-pin header in JP2 so that you can con- 
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Selectable VGA 
or Composite 


VGA Composite 


R4 | Leave Empty 680Q Resistor 680Q Resistor 
D1 | 1N4148 Diode 120Q Resistor 1N4148 Diode 
JP2 | Leave Empty Permanent Link | Jumper or Switch 


Table 1: components used for permanent VGA or composite 
video output or for the ability to select between the two. 


nect a jumper or switch and use the components listed in 
the last column of Table 1. As explained last month, the 
video quality is not quite as good as the dedicated modes 
but it is still acceptable. 

Another decision relates to how you plan to use the 
external input/output pins. As shown in the photographs, 
we used a right angle IDC header plug. This allows you to 
connect the Maximite to a variety of external circuits via 
an IDC socket crimped to a length of 26-way ribbon cable. 
This is ideal as the connector and cable are cheap and at the 
other end of the cable you can strip the wires and simply 
solder them to your test setup. 

Another way of using this connector is to use female to 
male jumper leads to connect the Maximite to a solderless 
breadboard, as shown last month (page 36). The female 
end of the jumper wire can be simply pushed onto the 
pins of the IDC header and the other end plugged into the 
breadboard. However, be careful which pin is used — they’re 
easy to mistake. 

Instead of using an IDC header plug you could use two 
rows of vertical header pins. This will enable you to connect 
(via a matching header socket) to a second PCB mounted 
in the lid of the case which could hold specialised signal 
conditioning circuitry suited to your application. There is 
plenty of room in the case for components on this second 
board and the completed assembly would make a neat and 
compact package. 


Construction 


OK, now we get on with the fun part! If you are building 
the Maximite from the Altronics kit, it will come with IC1 
pre programmed and pre-soldered to the PCB. This makes 
construction easy as the rest of the components are easy 
to solder. 


Here’s what your completed 
Maximite should look like — it’s 
shown here mounted in the 

bottom of the case at 1:1 scale. All 
components and connectors are on 
the one, double-sided PC board. The 
Altronics kit will have the PIC32 
chip already soldered to the board 7 
and programmed ready for use. > | 
That’s the only difficult part of the yee 
whole project! B 
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If you are building the Maximite from the ground up 
you should refer to the PIC32 article in last month’s is- 
sue for pointers on how to solder the chip. Of course, the 
PIC32 will need to be programmed so you will also need 
a PICKit 3 or similar programmer connected to CON3 to 
program the chip with the firmware, available from the 
SILICON CHIP website. 

The PCB uses fine tracks and IC1 can be damaged by 
static, so you need to take the standard precautions. Make 
sure that you and your soldering iron are grounded, use 
a temperature-controlled soldering iron and only hold it 
on a joint for a few seconds. Because the holes are plated 
through, it is difficult to remove components after solder- 
ing so make sure that the component is the correct type/ 
value and is oriented correctly. 

You should start with the low profile components and 
work your way up from there. The PCB is silk-screened 
with the component labels and placement so construction 
will mostly consist of just following the labels on the board. 

Depending on the manufacturer of the capacitors that 
you are using, some may require that their legs are bent 
out to suit the PCB, which was designed for components 
with a 0.2-inch pitch. 

When installing the crystal leave it sitting one or two mil- 
limetres above the PCB to prevent the chance of any of the 
underlying solder pads shorting to the crystal’s metal case. 

Normally you would not install anything in the position 
marked CONS. This is the programming interface described 
earlier and it will only be required if you need to program 
a blank PIC32 chip. 


SD card connector 


The SD card socket is a surface-mount device but it has 
two small pins on the underside that will match two holes 
in the PCB to ensure that the socket is correctly positioned. 

When soldering the SD card socket you should make sure 
that you find and solder all the solder tabs — there are 16 
in total. Two of these are very close together on the front 
left-hand corner of the socket (viewed from the front) and 
both should be soldered together to the same solder pad. 

When mounting the voltage regulators (REG1 and REG2) 
you should bend the pins close to the component’s body 
so that they fit in the small space. The PCB will have holes 
drilled so that you can screw the regulators to the board. 
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LED! 100nF 
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If you are likely to use a power supply higher than the 
specified 9V (eg, up to 14V) it would be wise to place a 
small heatsink under at least REG1. This could be a small 
piece of aluminium sheet, possibly bent into a “L” shape 
with an appropriately placed hole for the screw. However, in 
normal use (ie, 7-9V DC supply) this will not be required as 
the regulators operate well within their temperature range. 

The Altronics VGA connectors have their pins set slightly 
closer together than other VGA connectors so, if you are 
using one of these, you will need to bend the two outer 
rows of connecting pins out by a millimetre or so before 
inserting the connector in the PCB. The connector will then 
sit flush with the board and can be soldered as per normal. 

Finally, it is best to mount the LEDs after you have drilled 
the front panel. Bend the leads downwards 2mm from the 
body as shown below and position the LEDs in the PCB 
with the front panel temporarily placed in position and 
the LEDs poking through their respective holes. The longer 
lead of the LED (the anode) should be on the right hand 
side when the board is viewed from the front. 

You can then tack-solder the leads into position on the top 
of the board before removing the front panel and soldering 


Fig.4: when mounting the 
LEDs the leads should be bent 
down about 2mm from 
the body with the longer 
lead (the anode) on the 
right when viewed from 
the front. Temporarily mount 
the front panel and use the 
hole drilled in it to hold the 
LED in place while you tack- 
solder the leads. This will 
ensure correct positioning 
of the component. 
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Fig.3: the component overlay for the Maximite. Use 
this in conjunction with the photo overleaf and the 
circuit diagram published last month. Note that this is a 
double-sided board — once you have soldered in a component, it is rather more 
difficult to remove than on a single-sided board. So get it right first time! 
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the pins fully from the bottom of 
the board. This will result in the 
LEDs being perfectly positioned 
with respect to the front panel. 

Fig.7 provides the template for 
drilling the front panel and Fig.6 
provides the front panel artwork. 
These templates and the panel 
artwork suit the Altronics H-0376 
snap-together case. 

We printed the artwork onto 
heavy duty adhesive backed 
paper (Avery 936067) and then 
covered the printed surface with 
adhesive clear plastic film of the 
type used to cover books. After 
you have trimmed the label you 
can stick it onto the front panel for 
a professional result. An alterna- 
tive, tougher cover would be a heat laminated sleeve but 
these are harder to cut out and trim 

The PCB is mounted in the case using 4mm long M3 
screws (either metal thread or self tappers) at each corner. 
When you snap on the covers the result is a neat little box 
that contains a lot of power. 
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CONS CONS 


Testing 

We will assume that your PIC32 has been programmed. 
Testing the Maximite is as simple as plugging it into a 9V 
DC power source (normally a plugpack). First make sure 
that a jumper is placed on the EXT position of JP1 so that 
the PIC32 can be powered from the external power supply. 

On power-up, the firmware in the PIC32 will run a self 
test and after this has successfully completed it will turn 
on the green LED on the front panel. An illuminated LED 
is therefore an indication that all is OK and no light means 
that you have a problem. 

If the LED does not come on you should first check the 
power supply voltages. Is the input between 7V and 14V? 
The output from REG1 should be 5V and the output from 
REG2 should be 3.3V. If these are correct you should then 
check all the capacitors for correct placement, value and 
polarity. Every one is critical and a misplaced capacitor 
could prevent the processor from starting up, 

Also check the 472 resistor and the power LED for cor- 
rect placement and polarity as the LED will not illuminate 
if these are incorrect. The final check is to examine IC1 
for shorts or defects in soldering. This will require a high 
powered magnifying loupe and you should carefully check 
each pin. 

With the firmware running you can check the video 
output by attaching a VGA or composite monitor and you 
should see the MMBasic promptas shown in Fig.8. Finally 
plug in a PS2 keyboard and try typing in something. With 
the firmware running correctly any fault in these interfaces 
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RantsilistiaMaximitelMicrocomputer 


PCB, code 06103111, 124mm x 69mm 
Snap-together case 130 x 75 x 28mm (Altronics 
H0376) 

8MHZz crystal 

DC power socket 2.1mm PCB mount (CON1) 
USB B-type socket, PCB mount (CON2) 

5-pin ICSP connector, PCB mount (CON3) 
DE-15 (or HD-15) high density 15-pin female D 
connector (Altronics P3084A) (CON4) 

2-pin headers (CON5, CON6, JP2) 

6-pin mini DIN female connector (socket) (CON7) 
IDC 26 pin boxed header PCB mount, 90° pins 
(CON8) 

SD card reader socket (Altronics P5720) (CON9) 
3-pin header (JP 1) 

Toggle switch SPDT 90° PCB mount (S1) 
(Altronics 81320) 

Micro tactile pushbutton switch (S2) 

M3 metal thread screws (or self-tappers), 4mm long 


Semiconductors 
PIC32MX695F512H-80I/PT or 
PIC32MX795F512H-801/PT microcontroller 
(available from www.microchipdirect.com) [IC1] 
7805 5V voltage regulator (TO-220) [REG1] 
LM1117T-3.3 3.3V voltage regulator [TO-220] 
[REG2] 
1N4148 general purpose low power silicon diode 
[D1] 
1N4004 general purpose silicon power diode [D2] 
Green LED, 3mm [LED1] 
Red LED, 3mm [LED2] 


Capacitors 

1 47uF 6.3V tantalum 

2 10uF 16V tantalum 

7 100nF ceramic or MKT 
2 22pF ceramic 


Resistors (0.25W 5%) 
2 33kQ 1 10kQ 
1 1209 2 470 


1 5.6kQ 2 1kQ 
1 109 


1 6809 


could only be related to components specific to the interface 
and should be easy to diagnose. 


USB interface 


Before using the USB interface 
you will need to install the SILICON 
CHIP USB Serial Port Driver on your 
computer (available from the SILICON 
CHIP website). This will work with 
all modern versions of Windows and 
full instructions are included with the 
driver, so installation should be easy. 
The Maximite uses the standard CDC 
protocol and drivers are also available 
on the internet for the Mac and Linux 
operating systems. 

The Maximite will be listed on 


z 
= 


O 2 
J 1 
Oo 1 
Cy 2 
O 1 
E 1 
ai 2 
a 4 


siliconchip.com.au 


Fig.5: the input/output 
connector used by the 
Maximite. This view is 
from the back of the unit 
and should be referred to 
when connecting to 
external circuits. The 5V 
and 3.3V pins can supply 
about 100mA for powering external circuits. 
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your Windows computer in the Device Manager under 
Ports (COM and LPT) as “Communications Port — SILICON 
CHIP USB Serial Port” with a specific COM port number. 
When you configure the serial emulation software on your 
computer you will need to specify this number to establish 
communications with the Maximite. If the software also 
needs to know the communications parameters you can 
specify 9600 baud with one stop bit and no parity. 

For the serial emulation software on Windows we recom- 
mend that you use the free, open source Terra Term (http:// 
logmett.com). This emulator allows you to easily send a 
file over the serial interface and capture data coming in the 
reverse direction. Sending a file lets you upload a BASIC 
program to the Maximite where it will be received and 
stored in memory as if there was a high speed typist on 
the other end typing in the program. 

This makes it possible to enter and edit your BASIC 
program on your Windows computer (where you have the 
convenience of a mouse and cut and paste) then send it via 
Terra Term and the USB to the Maximite where you can test 
it. Note that for this to work you need to configure Terra 
Term for a delay of 50ms per line (Settings > Serial Port). 


Power supply 

The Maximite is intended to be powered from a 9V DC 
plugpack but the supply voltage can be anywhere in the 
range of 7V to 14V. However, at the higher end of the range 
REG1 will be required to dissipate a lot of heat. We men- 
tioned earlier a heatsink under REG1 to assist in this regard. 

But if you plan to power the Maximite from, say, a 12V 
battery in an automotive environment it would worth plac- 
ing a 33Q 5W resistor in series with the power supply line 
to drop the supply voltage and dissipate some of the heat 


outside the Maxim- 
CapacitomGodes 


ite’s case. 
You could also 
consider replacing uF Value IEC Code EIA Code 
100nF O.1pF 100n 104 
22pF NA 22p 220 


Value 


REG1 with a more 
robust (and expen- 
sive) regulator like 


ResistomGolourmGodes 


4-Band Code (1%) 

orange orange orange brown 
brown black orange brown 
green blue red brown 

brown black red brown 

blue grey brown brown 
brown red brown brown 
yellow violet black brown 
brown black black brown 


5-Band Code (1%) 

orange orange black red brown 
brown black black red brown 
green blue black brown brown 
brown black black brown brown 
blue grey black black brown 
brown red black black brown 
yellow violet black gold brown 
brown black black gold brown 
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the LM2937. This is pin-for-pin compatible 
with the 7805 but is more suited to the auto 
environment where large voltage spikes are 
prevalent. 

One other point to keep in mind is that, 
unless a plugpack specifically states it has a 
regulated DC output, the no-load output volt- 
age of the vast majority of plugpacks is sig- 
nificantly higher than their nameplate states 
— we’ve seen them as much as double! The 
theory is that the voltage will drop to around 
the right level at full load. But the Maximite 
draws so little current most plugpacks will 
never get down to that, so be warned! 

If you wish, you can power the Maximite 
from a USB power source by moving JP1 to 
the USB position. This might be useful if you 
will be using the Maximite as a peripheral 
to a desktop PC — when you plug the Max- 
imite into the USB it will be automatically 
powered up. 


Getting started 

So, now you have everything you need to build the Max- 
imite and start experimenting with it. Next month we will 
go into more detail on how to use it but in the meantime 
you can get started by downloading the “Maximite User 
Manual” from the SILICON CHIP website. This provides the 


Fig.6: the front panel artwork (shown 


a TS NE 


Fig.8: if you see this prompt on your screen you can be assured that both 
the microcontroller and the video output circuitry are working correctly. 


gp COMIS - PuTTY 


definitive summary of the Maximite and MMBasic. 

The download also includes some sample programs that 
you can run to get a feel for the potential contained in this 
tiny but powerful computer. 

For up to date errata, notes and new firmware for the 
Maximite go to http://geoffg.net/maximite.html $C 


full size) can be copied onto adhesive —~— 
paper and then covered with athin POWER 
adhesive plastic sheet (of the type / N 
used to cover books) or printed | ( ) 


then sealed with a heat laminator. \ 
After trimming the result will be a 
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Mlaximite a 


professional looking front panel. 


Fig.7: these are the front 
(top) and rear (below) 
panel cutouts for the 
Maximite shown full size 
and to scale. You can 
photocopy these (without 
breaking copyright) and 
use them as templates to 
drill and cut your panels. 


“a Py ' diameter 


diameter ~Y 


- 


27mm 


' diameter 


They’re designed to suit 
the Altronics H-0376 


snap-together case. The 
power switch and the 


SD card slot are the only 
critical cutouts as these 


components are soldered 
to the PCB. You should 
check the cutouts against 
the actual components that 
you are using as the size 
(and therefore positioning) 
might vary between 


timm 
diameter : 


manufacturers. 
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PROGRAMMING and CUSTOMIZING 
THE PICAXE 


A great aid when wrestling with applications for the 
popular PICAXE series of microcontrollers. Works at 
beginner, intermediate and advanced levels. Every 
electronics class, school and library should have a 
copy, along with anyone who works with PICAXEs. 
See the review in April 2011 Siticon CHIP. 
300 pages in paperback 


PROGRAMMING 32-bit MICROCONTROLLERS IN C 


Subtitled Exploring the PIC32, a Microchip insider tells all 
on the newest, most powerful PIC ever! Condenses typical 
introductory "fluff" focusing instead on examples and exer- 
cises that show how to solve common, real-world design 
problems quickly. Includes handy checklists. 

FREE CD-ROM includes source code in C, the Microchip 
C30 compiler, and MPLAB SIM. 

400 pages paperback. 
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PIC IN PRACTICE 


Based on popular short courses on the PIC, for 

professionals, students and teachers. Can be used at a 
variety of levels. An ideal introduction to 
the world of microcontrollers. 255 pages 
in paperback. 
$65.40 


PIC MICROCONTROLLERS: know it all 


The best of subjects Newnes authors have written over 
the past few years, combined in a one-stop maxi refer- 
ence. Covers introduction to PICs 

and their programming in Assembly, 

PICBASIC, MBASIC & C. More than 


900 pages in paperback. 
PIC MICROCONTROLLER -YOUR 
PERSONAL INTRODUCTORY COURSE 


PIC 
MICROCONTROLLERS 


know it all 


A unique and practical guide to getting up and running 
with the PIC. It assumes no knowledge of microcontrol- 
lers — ideal introduction for students, teachers, techni- 
; cians and electronics enthusiasts. Revised 3rd edition 
focuses entirely on re-programmable flash 
PICs such as 16F54, 16584 12F508 and 
12F675. 226 pages 
in paperback. 


USING UBUNTU LINUX 


Ubuntu Linux is a free and easy-to-use operating 
system, a viable alternative to Windows and Mac OS. 
Introduces Ubuntu, tells how to set it up. covers the 
various Open Office applications and 

gives troubleshooting hints and tips. 

Highly recommended. 

222 pages in paperback 


SOLAR SUCCESS - Getting it right 


every time 
The complete guide to home and property systems. 
Covers the ramifications of lighting, fridges and freezers, 
air conditioning, washing machines and driers and much 
more on solar systems; also covers solar basics and how 
to conduct an energy audit. As reviewed 
in Siticon Chipr November 2008. 112 pages. 
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The latest from the Guru of audio. Explains audio concepts 
in easy-to-understand language with plenty of examples 
and reasoning. Inspiration for audio designers, superb 
background for audio enthusiasts and especially where 

it comes to component peculiarities and 

limitations. 558 pages in paperback 

Expensive? Yes. Value for money? YES! 

Highly recommended. 


TV ACROSS AUSTRALIA 


Essential information for anyone travelling Australia, or just 
wanting to know the channels, polarity and location of all 
analog television transmitters and translators from coast 
to coast. Plus coverage maps, tv transmitter data... 

everything you need to know in the one 
place for the first time! NOTE: does NOT 
include digital services$49-50 
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RACTICAL GUIDE TO SATELLITE TV 


Written in Australia, for Australian conditions by one of 
Australia's foremost satellite TV experts. If there is anything 
you wanted to know about setting up a satellite TV 

system, (including what you can't do!) it's sure 

to be covered in this 176-page paperback book. 


It's back! Now in a new edition provides a full and compre- 
= hensive coverage of video and television technology including 
Sm HDTV and DVD. Starts with fundamentals so is ideal for 
=< Students but covers in-depth technologies such as blu-ray, 
RE DLP, Digital TV, etc so is also perfect for en- 
gineers. 600+ pages in paperback. $70.00 


RF CIRCUIT DESIGN 


A new edition of the classic RF circuit design book. RF 
circuit design is now more important that ever in the 
wireless world in which we live. In most of the wireless 
devices that we use there is an RF component — this 
book tells how to design and integrate in a very practi- 
cal fashion. 244 pages in paperback. $7584 


OP AMPS FOR EVERYONE 


AMPS For 


EVERYONE By Carter & Mancini. Substantially updates 


coverage for low-speed and high-speed 
applications, and provides step-by-step walk- 
throughs for design and selection of op amps. 
Huge 648 pages! $T20<80 


SOLAR THAT REALLY WORKS — Motorhomes 
| Sth Wheelers, Campervans, Cabins 


All the information you need for successful solar installation 

in mobiles.An expert on getting the most out of solar systems, 
Collyn Rivers dispels many of the myths 
and helps you get it right when there is no 
mains power available. 
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ELECTRONICS FOR CARS 


If you ever wanted top performance from your car, this is the 
book you need. 160 pages of technical background to give 

f ST, you a thorough understanding then 16 specialised projects 
f — ey tO build to make your car really perform, including engine 
modifiers and controllers, instruments and switches. 


a E AC MACHINES 


Applicable to Australian trades-level courses including NE10 
AC Machines, NE12 Synchronous Machines and the AC 
part of NE30 Electric Motor Control and Protection. 
Covering polyphase induction motors, single-phase 
motors, synchronous machines and polyphase 


motor starting. 160 pages in paperback. 
| Input Systems and Input Processing and Auxiliarly 
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focus on design issues and pitfalls, maintenance and repair. Crna back. STAA 
; Ideal for engineers, technicians, students of consumer 


electronics and sales and installation staff. 319 pages SELF ON AUDIO 
in paperback. $95@q 


AUDIO POWER AMPLIFIER 
DESIGN HANDBOOK 


The latest edition of "the Bible" on audio power 
amplifiers. Many revisions and updates to the pre- 
HANDBOOK | vious edition and now has an extra three chapters 
covering Class XD, Power Amp 


AUDIO 
POWER AMPLIFIE 


As reviewed in Siticon Crip February 2004. A collection of 35 classic magazine articles offering a de- 

pendable methodology for designing audio power amplifiers 

/ PRACTICAL VARIABLE SPEED DRIVES in a way that improves performance at every point without { | 
AND POWER ELECTRONICS Variable Speen significantly increasing cost. Includes compressors/limit- | 


Power bated ers, hybrid bipolar/FET amps, electronic switching and 
Bees more. 474 pages in paperback. $98-€f 
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An essential reference for engineers and anyone who wishes to 
design or use variable speed drives for induction motors. As 
reviewed in SILICON CHIP September 2003. 288 pages. $t@S<t10 


PRACTICAL RF HANDBOOK 
Bectric Motors ELECTRIC MOTORS AND DRIVES The latest guide to RF design for engineers, technicians, 
and Drives = i students and enthusiasts. Covers key topics in RF: analog 


Brand new edition of this amazingly popular book. Intended for design principles, transmission lines, couplers, trans- 
non-specialist users of electric motors and drives, filling the formers, amplifiers, oscillators, modulation, transmitters 
gap between academic texts and general "handbooks". and receivers, propagation & it 
Explores all of the widely-used modern types of motor and 279 pages in paperback. $$ 
drive including conventional & brushless DC, induction 
motors, steppers, servos, synchronous and reluctance. 
384 pages, soft cover. 


SWITCHING POWER SUPPLIES A to Z 


Theoretical and practical aspects of controlling and measur- 
ing electromagnetic interference in switching power supplies. 
Includes flow-charts for building DC-DC 


BUILD YOUR OWN ELECTRIC 
MOTORCYCLE 


my Alternative fuel expert Carl Vogel gives you a hands- 
g on guide with the latest technical information and 
easy-to-follow instructions for building a two- 


converters and their magnetic components g wheeled electric vehicle — from a streamlined scooter 
under typical wide-input supply conditions. NWS to a full-sized motorcycle. 384 pages in soft cover. 
503 pages in hard cover. $t+5<60 CD-ROM included 


THE AMATEUR SCIENTIST CD 


Brand new V4. 


Many thousands of copies now sold. ro ? 2 
An incredible CD containing over NATER Scirynsyy 
1000 classic projects, sourced from 

Scientific American over the past 73 years - 

covering every field of science. Very latest edition, just 
out. Suits ages 12 to adult and runs with any 
browser (on Win2000 or later). Recommended 
by the US National Science Teachers Assn. 
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™ article has been scanned into PDF format — ready to read at your 
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MUST have in your collection! NB: Does not play on audio DVD players. 
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The STC 504: a 5-valve 


table radio 


Manufactured just before World War 2, the 


fromet-939 


STC 504 is a 5-valve table receiver housed 
in a very attractive timber cabinet. It’s 

an interesting circuit that performs well, 
especially after a few minor tweaks to its 


AGC system. 


HE VERY FIRST radios used bread- 

board construction, then came 
the coffin style before the large con- 
soles of the 1930s and 1940s became 
dominant. 

During the 1930s, compact sets that 
could be placed on table tops were also 
developed, although they were still 
usually too large for a mantelpiece. 
Many of these sets used a tuning dial 
located on a sloping panel on the top 
of the cabinet, which meant that they 
had to sit on a table or low cupboard. 

These days, it’s hard to envisage 
such sets sitting on a lounge-room 
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table away from the wall where power, 
antenna and earth were available. 
However, many were positioned that 
way and became the focus of the fam- 
ily’s entertainment. 

There is no doubt these table sets 
were much more attractive than the 
average mantel set. For a start, they 
were usually housed in good-quality 
veneered timber cabinets. And al- 
though their sound quality would 
have been inferior to the consoles with 
their well-baffled 300mm (12-inch) 
loudspeakers, they were considerably 
better than the mantel receivers. 


This month, we take a look at a typi- 
cal table radio from the era, the 1939 
STC 504. It isa mains-powered 5-valve 
superhet design that covers the broad- 
cast band only (ie, no shortwave). 


The STC 504 5-valve receiver 


The unit featured here is one that I 
have on loan and is quite an interesting 
set. It’s housed in a nicely-finished tim- 
ber cabinet which measures 460mm 
long, 255mm high and 270mm deep. 
The complete set weighs 10kg, so it’s 
no lightweight. 

Unfortunately, the set is no longer 
completely original. The chassis had 
been overhauled several years ago, 
while the cabinet had only recently 
been restored. This restoration work 
has not been completely successful 
though, as explained later. 

An unusual feature of the set is 
the mounting arrangement used for 
its 200mm (8-inch) speaker. This is 
attached to a fairly thick baffle which 
is mounted at an angle across the 
front lefthand corner of the cabinet. 
This baffle is quite effective for such 
a “compact” cabinet and contributes 
to the set’s sound quality. 

The dial-scale is rather elaborate 
in appearance and is mounted on the 
righthand side. As with many other 
dials of the era, it looks quite impres- 
sive when lit up at night. 

The three controls are mounted 
underneath the dial escutcheon. From 
left to right, they are: Tone, Tuning 
and Volume. 

A glance inside the back shows just 
how tightly packed the cabinet is, with 
the chassis occupying the remaining 
space next to the loudspeaker. Appar- 
ently, the cabinet didn’t have a back 
which was not uncommon in those 
days. 


Circuit details 

Let’s now take a look at the circuit 
details — see Fig.1. It’s a typical 5-valve 
superhet design for the era, although 
there are a couple of quirks. 

As shown in the photos, the an- 
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Fig.1: the circuit is a fairly typical superhet design employing five valves, a 450kHz (later 455kHz) IF stage and an 
electrodynamic loudspeaker. The sensitivity control is unusual and was difficult for the average user to master. 


tenna terminal is at the far left on the 
back of the chassis. From there, the 
antenna lead goes through a hole in 
the lefthand end of the chassis and 
travels along this external edge until 
it re-enters the chassis near the front. 
This arrangement was used in many 
valve receivers and was done to keep 
the antenna lead away from the IF (in- 
termediate frequency) amplifier. This 
reduced any chance of strong marine 
radio signals (which were close to the 
IF) breaking through into the IF stages. 

The following antenna-tuned cir- 
cuit is quite conventional, with the 
resulting signal applied to the grid of 
a6A8G converter valve. The oscillator 
is a little unusual in that padder feed- 
back was used to ensure more reliable 
oscillation than a conventional circuit 
often gave. 

The coils for the antenna and 
oscillator tuned circuits are both air- 
cored. As a result, adjustment of the 
frequency range and tracking must 
be done using the oscillator trimmer 
across the tuning capacitor and the 
padder capacitor. The antenna-tuned 
circuit can only be peaked at the high- 
frequency end of the dial. 

It’s interesting to note that some time 
in 1939, STC changed the intermedi- 
ate frequency used for their sets from 
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450kHz to 455kHz. However, although 
STC changed the IF centre frequency, 
there was no need to change the IF 
transformers themselves. That’s be- 
cause most IF transformers centred on 
450kHz will tune easily from around 
430kHz to 480kHz without any modi- 
fication. 

The resulting signal from the first IF 
stage is applied to a 6U7G IF ampli- 


This view shows the back of the set bef 
dynamic loudspeaker had already been replaced with a permanent magnet 
speaker at some time in the past. 


fier, before being fed to the second IF 
transformer. The signal is then fed to a 
6Q7G (a triode duo-diode valve) where 
it is detected. AGC is also obtained 
from the detector. 

From there, the detected audio sig- 
nal is fed to a 0.5MQ volume control, 
after which it is amplified by the triode 
section of the 6Q7G. The amplified 
signal is then fed to a 6AG6G audio 


ore restoration. The original electro- 
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= 
The underside of the STC 504’s chassis (shown here after restoration) is tightly 
packed with components, although most parts are easy to access. The sensitivity 
control on the rear panel (bottom right) has been made redundant, to make the 


set easier to adjust (see text). 


output valve which in turn drives the 
electrodynamic speaker. 


Power supply details 

The power supply is quite conven- 
tional. The primary of the transformer 
is tapped at 200V and 240V, which 
covered all the likely voltages used in 
Australia at that time. Its high-voltage 
CT (centre-tapped) secondary drives 
a 5Z4G rectifier and its output is fed 
through the field coil of the electrody- 
namic speaker to derive the HT line. 
Two 8uF electrolytic capacitors (one 
either side of the field coil) provide 
additional filtering. 

Like most receivers that use elec- 
trodynamic speakers, the power con- 
sumption is relatively high at 52W. 
One real advantage of using a 5Z4G 
rectifier is that it has an indirectly- 
heated cathode which warms up and 
commences conduction at about the 
same time as the rest of the valves. As 
a result, the peak voltage across the 
filter capacitors is much lower than 
it would be if a directly-heated 5Y3G 
rectifier had been used. 


Cabinet restoration 


As stated, the cabinet has only 
recently been restored but only after 
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someone else had “had a go” at it. Un- 
fortunately, the outside of the cabinet 
had been rubbed down to get rid of 
imperfections but whoever did it was 
unaware of just how thin the veneer is 
and had sanded it down too far. This 
has exposed the lower-quality timber 
beneath the veneer. 

This sanding down had been done 
with relatively coarse sandpaper 
across the grain. As a result, the most 
recent cabinet restorer had to be very 
cautious as to how he approached 
the job. In the end, he used some fine 
French polishing-grade steel wool to 
restore the surface to a good, but not 
perfect, condition (some of the sanding 
marks are still visible but only if you 
are looking for them). 

The cabinet was then given a coat of 
“Golden Oak” stain after which it was 
finished with a pressure pack of 30% 
nitro-cellulose lacquer. Six coats were 
applied to the top to fill the grain of the 
wood, while three coats were applied 
to the sides and front. The inside of the 
cabinet was spray painted matt black, 
as was commonly done with timber 
cabinets of that era. 

The knobs were a little grubby and 
were given a wash in soapy water. 
Once dry, they were polished using 


automotive cut and polish compound, 
which brings bakelite up looking al- 
most like new. One knob is obviously 
a replacement though and doesn’t 
match the other two. The other two 
are originals, so it would be quite 
practical to get one of the members of 
the HRSA who specialises in making 
replica knobs to make another. 


Chassis restoration 

Before applying power to the set, 
I went through my usual routine of 
checking the power transformer and 
the HT line. This involves checking 
for shorts and excessive leakage in 
the transformer using a high-voltage 
insulation tester, especially between 
the primary and high-voltage second- 
ary windings and the chassis. 

Similarly, the isolation between 
the HT line to the chassis was also 
tested. These tests all indicated that 
the set would be safe to turn on after 
Pd checked all the other work that had 
been carried out. 

In fact, this particular receiver 
seems to have had a rather chequered 
history of restoration, with bits and 
pieces carried out by several people. 
And although most of the work had 
been done to a reasonable standard, 
a few things did strike me as being a 
little careless. A little extra effort and 
the set would have been safer and a 
easier to service. 

First, all of the electrolytic and 
paper capacitors had been replaced. 
However, a couple of UCC paper ca- 
pacitors had been used and these have 
been known to become intermittent 
and/or leaky over time. I replaced them 
to avoid future problems. 

In addition, the automatic gain 
control (AGC) system is not at all like 
the circuit and I’m not sure if this is a 
factory modification or if it was done 
by the restorer. It has been altered so 
that the AGC is now a delayed AGC 
system. After some deliberation, I 
modified it even further to make it a 
little more effective. 

In fact, the AGC circuit is now very 
much like that shown in Fig.4 on page 
92 of the June 2010 issue. 


Sensitivity control 

A slightly unusual feature is the 
inclusion of a “sensitivity” control, 
which is the potentiometer located in 
the centre-bottom of Fig.1. As the wip- 
er is moved from its extreme righthand 
position to the left, the sensitivity of 
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the receiver will increase. Eventually, 
a position will be found somewhere 
along it travel where the sensitivity 
is ata maximum. 

Note, however, that this occurs 
before the minimum resistance point 
(09) is reached. That’s because, at 
0Q, the converter and IF amplifier 
valves will have no cathode bias, as 
the cathodes will effectively be at 
chassis earth. 

In addition, the return for the detec- 
tor and AGC diodes is at a positive 
voltage, as set by the voltage across 
the 6Q7G’s 3kQ cathode resistor. As 
a result, this voltage is applied down 
the AGC line to the front-end valves. 

In my opinion, the Sensitivity con- 
trol was nota particularly smart design 
feature by STC, as most people would 
not understand how to set this control 
correctly (it’s a screwdriver adjustment 
on the back panel). 

The AGC circuit in this particular 
set has been modified to overcome 
the “positive voltage” problem with 
the AGC line. In addition, a previous 
restorer had fitted a 330Q resistor in 
series with the wiper of the sensitivity 
control, so that the valves still have 
cathode bias at the minimum setting. 

It was quite a good idea but that 
resistor value was too high to obtain 
maximum gain from the front-end. 
As a result, I substituted a 150Q re- 
sistor and the bias is now correct for 
maximum gain with the control fully 
rotated to the lefthand end. This ef- 
fectively makes the Sensitivity control 
redundant. 


Obscured values 


One of my pet peeves is components 
that have been installed so that their 
values are obscured. Unfortunately, 
the previous restorer had done just 
that, which is annoying. 

It takes so little effort to orientate 
components so that their values can 
be seen that I cannot understand why 
it’s not done — it makes life so much 
easier when troubleshooting or check- 
ing a circuit. 


Speaker replacement 

At some time in the past, the elec- 
trodynamic speaker had been replaced 
with a permanent magnet unit. This 
replacement and the associated modi- 
fications to the HT filter circuit had 
been quite well done and under nor- 
mal operating conditions, was quite 
satisfactory. 
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A compact chassis fitted with an elaborate dial scale is used for the STC- 
504 5-valve receiver. The three controls beneath the dial scale are (from 


left to right): Tone, Tuning & Volume. 


In place of the field coil, the previ- 
ous restorer had installed a 14 Henry 
choke and a series wirewound resistor, 
giving a total of 2kQ in series in the HT 
supply line. This matches the resist- 
ance of the original speaker’s field coil. 

However, if the speaker plug had 
been removed when the set was oper- 
ating, the plate of the 6AG6G would 
have had no voltage on it. Conversely, 
voltage would have still been present 
on the screen and so the valve would 
have been destroyed quite quickly 
due to excessive screen current being 
drawn. 

To eliminate this problem, I rewired 
the socket and plug so that removal of 
the plug removes HT from all sections 
of the receiver except for the first HT 
filter capacitor. 

The power cord was also a problem, 
being retained only by a knot in the 
lead just inside the chassis. That may 
have been acceptable back in 1939 but 
it’s certainly not acceptable today. This 
primitive anchoring scheme has now 
been replaced with an approved cable 
clamping system. 

Finally, close inspection of the wir- 
ing around the 6Q7G revealed a lump 


of solder between a couple of the valve 
pins. It was removed and fortunately 
hadn’t caused any problems. 


Test & alignment 

With everything under the chassis 
now looking shipshape, it was time to 
check the set’s performance and do an 
alignment. 

The first thing to do was to see if 
the set actually worked and carry out 
some voltage checks, so I connected 
an antenna and earth and switched on. 
The dial lamps immediately came on 
and shortly after the valves started to 
glow and noise could be heard from 
the speaker. The various voltages 
around the receiver were all within 
expectation, ie, around 220-250V on 
the plate circuits and around 100V on 
the screens. The voltages across the 
cathode resistors were around 2.5V 
on the RF valves and 4V across the 
6AG6G’s cathode bias resistor. 

Next, I tuned across the broadcast 
band and a number of stations were 
heard, so the set appeared to be work- 
ing. As a result, I disconnected the 
antenna and attached my RF signal 
generator to the antenna input. With 
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The top of the chassis is tightly packed with the major parts. Metal shields are 
fitted to the converter, IF and detector/triode valves, while the mains cord is 
now firmly anchored with a cordgrip grommet in place of the original knot. 


the tuning gang vanes closed, I applied 
a strong modulated 455kHz signal to 
the set and was rewarded with audio 
from the speaker. I then slowly re- 
duced the signal generator’s output, 
at the same time carefully adjusting 
each of the four IF trimmers for best 
audio output. 

Note that one trimmer in each IF 
transformer is at the full HT voltage 
and therefore considerable care is 
needed to make sure the screwdriver 
doesn’t slip and short the HT to the 
chassis (or that you don’t get a shock). 
All four adjustments peaked easily 
and the performance noticeably im- 
proved. 

The front-end tuned circuits were 
next and these are first adjusted at 
the low-frequency end. This initially 
involves setting the signal generator 
to 600kHz, then tuning the receiver 
to 600kHz on the dial. The padder 
capacitor is then adjusted until the 
signal generator’s signal is heard at 
this dial location and then carefully 
adjusted for peak output. 

That done, the generator is set to 
1400kHz and the receiver tuned to 
1400kHz at the high-frequency end 
of the dial. The oscillator trimmer on 
the top of the tuning gang is then ad- 
justed for peak output, after which the 
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The parts around the detector/first 
audio amplifier socket are somewhat 
crowded together. 


procedure at both the low-frequency 
and high-frequency ends of the dial is 
repeated several times, until there is 
no need for further adjustment. 

Finally, the signal generator is re- 
moved, an antenna connected and the 
set tuned to a distant station close to 
1400kHz. The antenna trimmer under 
the chassis is then peaked. There is 
no corresponding adjustment at the 
low-frequency end of the dial but the 
sensitivity of the receiver is reasonably 
consistent across the band. 

Once these alignment adjustments 
had been completed, the set performed 
quite well although its worth noting 
that both the selectivity and gain of 
the IF amplifier stage is inferior to 


slightly later sets with iron-dust cored 
coils. 


Gremlins 

Having completed the alignment, 
a couple of gremlins suddenly reared 
their heads. The first fault was an oc- 
casional loud crackling sound from the 
speaker. It remained with the antenna 
removed but disappeared when the 
volume control was turned down. 

This indicated that the problem 
was in the front-end and replacing the 
6A8G fixed the problem. 

The second fault occurred during 
final testing. I had the set upside-down 
to allow access to the wiring when 
suddenly the HT (high tension) rose 
to quite a high level, indicating no 
current was being drawn. At the same 
time, the dial lamps went out and there 
was a burning smell. 

I hastily switched the set off, turned 
it over and checked the power trans- 
former. The section where the filament 
winding was wound was quite hot and 
some of the wax had melted. 

In the end, this fault was tracked 
down to one of the dial lamp sockets, 
which was intermittently shorting to 
earth. Replacing it fixed the problem 
but it’s a good thing that I was on the 
spot when this fault occurred, other- 
wise it could have destroyed the power 
transformer. Having fixed these two 
faults, there were no further problems 
and the set worked well. 


Summary 

This is a good-looking set with bet- 
ter than average audio, due to good 
speaker baffling and a relatively broad 
IF bandwidth. However, the AGC and 
sensitivity control really weren’t quite 
as well-designed as they could have 
been. As stated above, the sensitivity 
control is now superfluous following a 
few modifications to the AGC system. 

The chassis also looks like it has 
been designed to suit several different 
receiver layouts. For example, there 
is provision for an additional tuning 
gang section, which suggests that a 
different receiver with an RF stage 
used the same chassis. There are also 
two holes in the chassis which have 
been covered over and these probably 
accepted additional components. 

In summary, this is an excellent 
example of the state of the art just 
prior to World War Two. It performs 
well and is certainly worth having in 
a collection. SC 
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ASK SILICON CHIP 


Got a technical problem? Can’t understand a piece of jargon or some technical principle? Drop us a line 
and we'll answer your question. Write to: Ask Silicon Chip, PO Box 139, Collaroy Beach, NSW 2097 or 
send an email to silicon@siliconchip.com.au 


Query on over-range 


for LC meter 

I’ve just built an LC Meter kit (SILI- 
CON CHIP, May 2008) and have success- 
fully calibrated it for capacitance. 
However, there’s a problem with the 
inductance mode. 

When S1 is set to the inductance 
position, the meter immediately pro- 
duces an “Over Range” message. Plac- 
ing the shorting bar across the test ter- 
minals and pressing S2 does zero the 
reading (initially 0.00uH, straying up- 
ward to 0.02uH) but the “Over Range” 
message immediately reappears when 
the shorting bar is removed. 

Can you please suggest what might 
be the problem? (P. R., Maroochydore, 
Qld). 

@ The LC Meter does give an “Over 
Range” indication in the Inductance 
measuring mode when there is noth- 
ing connected to the test terminals. 
That’s because the meter sees a very 
high impedance across the terminals, 
which it assumes to be a very high 
inductive reactance. However, as soon 
as you connect a physical inductor 
across the terminals, you’ll find that 


the meter will indicate its inductance 
value, as it should. 

This is not a fault. It’s just a result 
of the way the meter works. In capaci- 
tance mode, it interprets a very high 
impedance across the open terminals 
as a very small capacitance but in 
inductance mode it interprets the 
very high impedance as a very large 
inductance — hence the “Over Range” 
indication until you connect a smaller 
physical inductance. 


Milliohm Adaptor 


zero set-up error 

Thank you for your Milliohm Adap- 
tor for DMMs (SILICON CHIP, February 
2010); another contribution in your 
seemingly endless arsenal of useful 
measurement projects. I built the adap- 
tor as described and calibration was 
straightforward with gain resistance, 
in this circuit 6809 + VR4, very close 
to the calculated resistance, as per the 
AD623 data sheet, for a gain of 100. 

However, I find that the output 
drops off at the lower end, in particular 
on the 1mA/10Q range. A 1.0Q resist- 
ance reads as about 85mV (0.85Q) 


while on this range the output drops 
to zero for a resistance of 0.19. Could 
you comment on this and if confirmed 
perhaps suggest any ways to improve 
the response? 

Maybe it should also be mentioned 

that, at the upper end of the scales, 
the measurement ranges go very lit- 
tle beyond 1Q or 10Q before clipping 
occurs, so you cannot measure any 
resistance higher than about 1.19 on 
the 10mA/1Q range. (K. R., Hervey 
Bay, Qld). 
@ Weare puzzled by your report that 
the output of your Milliohm Adaptor 
“drops off” at the low end, and drops to 
zero for an unknown resistance of 0.1Q 
on the 1mA/10Q range. This sounds 
as if the “set zero” control may be set 
too high, which would have this effect. 
We can’t think of any other cause in 
fact, so you should re-check the zero 
setting using using trimpot VR5, as 
described in the article. 

You are quite correct in your note 
that the upper end of both ranges 
extends very little beyond 1.1Q and 
11Q. This is due to the voltage swing 
limitations within the AD623 when 
operating from 8.4V and with a gain 


A Corner) Reflector Antenna For, UHETV 


I built the Corner Reflector An- 
tenna for UHF (SILICON CHIP, June 
1991) some six years ago. Not being 
happy about having to paint it and 
the way the coax cable had to be 
connected by soldering it to the PC 
board, the antenna was put in to the 
too-hard basket and forgotten. 

Now necessity has finished the 
project. I soldered a PCB-mount F 
connector to the PCB and this made 
it possible to connect aluminium 
RG6 twin-shielded coax cable to the 
antenna with ease. 

The antenna system is now work- 
ing very well with one set-top box, 
an 81cm CRT TV and a new 66cm 
Sanyo flat screen HD TV. Both pic- 
tures are perfect, with no pixellation 
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evident in dry or wet weather. 

The antenna is supposedly one 
kilometre out of adequate coverage 
according to the ABC frequency in- 
formation on the internet. But signal 
strength as indicated on the Sony 
TV is two bars down on all but two 
channels which are three bars down 
on signal strength. 

What I would like to know is 
how much trust can be put on the 
indication of the TV signal strength 
indicator? Or an after-market signal 
strength meter? How can one know 
that the signal is in the “digital 
window”? Also can you please ex- 
plain bit error ratio and modulation 
error ratio and how they fit in to 
signal strength and with what and 


how they are measured? (G. M., via 
email). 

@ We simply don’t know how ac- 
curate the signal strength indication 
is on an STB or after-market signal 
strength meter. However, the fact 
that the signal strength reading from 
a TV or STB is comparative rather 
than in microvolts means that it is 
indicative only. 

In any case, you already know that 
your signals are within the “digital 
window” since your reception is free 
of pixellation and presumably has 
no sound drop-outs, particularly in 
wet weather. 

We suggest that you read our ar- 
ticles on digital TV in the March & 
April 2008 issues and in March 2010. 
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Memory/Size|OnjStorage|Devices 


I am trying to find out why the 
memory size of hard drives, USB 
sticks and memory chips is actu- 
ally somewhat less than the amount 
indicated on the packaging and why 
manufacturers are allowed to get 
away with it. When you click on the 
device and check properties, the size 
sold is the byte size [X x 10° bytes] 
and not the GB size as indicated. 
For example: 

(1) a 4GB USB stick is around 
4,100,000,000 bytes and 3.89GB; 
(2) a 16GB SD card is around 
16,010,000,000 bytes and 14.9GB; 
(3) A 750GB hard drive is around 
749,500,000,000 bytes and 698GB. 

I did some quick checks on my 
trusty calculator and found the dis- 
crepancy to be around 7.5%. Blank 
CDs sold as 700MB [702] are correct 


of 100. Most constructors will find 
this limitation quite acceptable in a 
project designed to measure only very 
low resistances. 


EGO analyser 


is obsolete 


I have just resurrected my PC- 
driven EGO Analyser (“Electronics 
Australia”, January & February 1996) 
which I made up and used some five 
years ago with great results. 

For some reason it now no longer 
works. I have deleted and reloaded the 
EGO software and checked for volts 
and continuity in the relevant places 
with no problems evident. I have built 
the Smart Mixture Display (SILICON 
CHIP, April 2004) but as you are aware 
this does not give any detailed output. 

Are you going to make up something 

similar to the PC-driven EGO analyser 
in the future? (F. W., via email). 
@ We have no plans fora project along 
the lines of the EGO Analyser. Our 
most recent “analyser” project was the 
OBD interface for a laptop computer. 
It gives far more information than the 
EA project but the catch is that your 
car must have an OBDII port. 


Making speed control 


more progressive 


I have successfully assembled your 
230V 10A Motor Speed Controller 
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because that’s their true capacity in 
MB. Properties shows 736,000,000 
bytes and 702MB. 

Why aren’t other storage devices 

rated the same way? (S. K., Pen- 
shurst, NSW). 
@ Because memory addresses are 
bit fields, historically memory and 
storage capacities have been related 
to powers of two. As a result, a 
kilobyte is traditionally considered 
to be 1024 (21°) bytes, a megabyte 
1,048,576 (22°) bytes and so on. RAM 
always has been (and still is) sold on 
this basis. For a long time, hard disks 
and other storage devices were also 
measured this way. 

About 10 years ago, at least one 
manufacturer decided that 1MB = 
1,000,000 bytes. This allows them 
to sell 5% smaller drives than their 


(SILICON CHIP, May 2009) which runs 
fine on a drill etc but I am using it to 
drive a 650W router motor, in turn 
driving a cutter on a 3-axis engraver. 
Unfortunately, the speed starts nice 
and slowly but then increases to full 
speed too quickly as the pot is rotated. 

Is it possible to rearrange the pot 
circuit so that the increase in speed is 
spread over the full rotation and not 
just a portion of it? (A. W., via email). 
© The potentiometer range depends 
on the feedback gain setting (VR2). 
When this is set, you may need to 
change the 1kQ and 8.2kQ resistors 
in series with VR1, to alter the poten- 
tiometer’s range. Possibly two 20kQ 
trimpots could replace these resistors 
and then be adjusted to obtain the 
desired range for VR1. 

Note that these trimpot adjustments 
must be made on atrial and error basis 
with the mains power to the controller 
off (ie, the mains plug removed from 
the wall socket). These adjustments 
will affect the feedback gain setting. 


Commodore 64 power 


supply replacement 


Irecently dragged out my old Com- 
modore 64 computer to show my kids 
how “modern” these computers really 
were. I didn’t realise how slow the C64 
was but she is still a beaut machine! 

Anyway, I need to power it with 
a new power supply as the old one 


competitors but claim the same 
capacity. This probably gave them 
a few tens of cents extra profit per 
unit compared to their competitors. 

Before long, all hard drive manu- 
facturers were using this trick to 
calculate their drive sizes. Unfortu- 
nately, it has stuck and when FLASH 
memory came along they decided to 
use this scheme as well. Since the 
computer still uses powers of two 
to calculate the capacity (as this is 
how it addresses the data), the re- 
ported capacity is lower than what 
you expect. 

It’s even worse now with giga- 
bytes since the discrepancy is larger. 
1 - 10003/1024 = 7% less. For tera- 
bytes, 1 - 10004/10244 = 9% less. 
Unfortunately, this is unlikely to 
change. 


stopped working. The problem is that 
the power supply provides two differ- 
ent voltages; one AC and the other DC 
in the same plug but on different pins. 

One is 5V @ 1A DC. This is easily 
met by using a Jaycar Cat MP-3480 
or similar. However, the other one is 
9VAC 18VA. This is proving to be a 
problem as I can not find a suitable 
AC adaptor. 

Would you have any ideas as to 
where I may be able to purchase such 
a supply or even try to make one? (J. 
R., Stratton, WA). 
© One approach would be to just 
house a 9V transformer (eg, 2165) in- 
side an earthed metal case. Secondly, 
depending on how the 9VAC is recti- 
fied, you may be able to feed a 12V DC 
plugpack in and get the same result. 


Query on minimum 


Dazzler brightness 


I built the LED Dazzler project and 
while it works, I can not turn the LED 
brightness all the way down using 
potentiometer VR1 (ie, once VR2 is set 
so that at the maximum setting, 2.8A 
is delivered to the 10W LEDs). With 
VR1 at minimum, there is still about 
150mA flowing. 

Why is this and can I do anything 
about it? (J. J., via email). 

@ It is because the minimum and 
maximum current levels are deter- 
mined by a resistance ratio which is 
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set by VR1 and some fixed resistors. 
While the fixed resistors should be 
within 1% (in fact they will probably 
be closer than that), VR1’s tolerance 
will be more like 20% and if it is at 
the lower end of the range, it may not 
be able to adjust the control voltage 
over a large enough range. 

The easiest solution is to shunt the 
8.2kQ resistor in series with VR1 with 
a 150kQ resistor and then re-adjust 
VR2. This will increase the control 
range of VR1 by about 5%, allowing 
you to turn the current down to zero. If 
that still isn’t enough, reduce the value 
of the shunt resistor slightly. 


Digital UHF data 


link wanted 


As a long-time subscriber to a great 
magazine, Ineed some technical guid- 
ance. My problem is that my new TV 
has a Toslink audio output on one side 
of the room and my Bose amplifier is 
on the opposite side with no suitable 
cable access with brick and concrete 
in the way. 

My immediate thoughts are to fabri- 
cate an IR or wireless link from the TV 
to the Bose amplifier but I’m unsure 
about the IR link ability to handle 
the digital audio bit rate. So can I use 
sections of two previous SILICON CHIP 
projects: the Two-Way SPDIF/Toslink 
Converter (June 2006) and the Infrared 
Audio Link (December 2007)? The idea 
is to convert Toslink to SPDIF then 
transmit IR to the IR receiver and then 
convert S/PDIF to a Toslink signal. 

Secondly, is a commercial AV 

sender capable of transmitting and 
receiving a S/PDIF signal? (B. W., 
Hornsby, NSW). 
@ The bandwidth required for a 
digital audio signal depends on the 
content it is carrying. For a CD it is a 
5.64MHz biphase-encoded signal. For 
a DVD it depends on whether the audio 
is PCM or a compressed format like 
Dolby Digital or DTS. It will typically 
be at least 6.144MHz. 

Because the Infrared Audio Head- 
phone Link for TV (December 2007) 
is designed to transmit analog audio 
using 90kHz modulation, it will be 
unable to pass a high-frequency digital 
signal like S/PDIF. In fact, it would 
be very difficult (but probably not 
impossible) to transmit digital audio 
using infrared light due to the data rate 
required. It might work if the light is 
sent along some kind of fibre — but that 
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Low/Capacitance/Adaptor Wont Null 


I built the Jaycar version of the 
Low-Capacitance Adaptor For DMMs 
(SILICON CHIP, March 2010) and it 
won’t null. When no capacitor is 
connected, the lowest value I can 
get by adjusting the null is 21mV on 
setting A (2.2mV on setting B, 0.2mV 
on setting C). 

It measures the capacitances cor- 

rectly once a capacitor is connected 
but of course, you cannot measure 
below the incorrect null point. Any 
ideas? (A. N., via email). 
@ Weare not aware ofany differenc- 
es between the components in the 
Jaycar kit for the Low Capacitance 
Adaptor and the component values 
as published, so we must assume 
that there are no relevant differences 
(nominally at least). 

That being the case, possibly the 
“stray” capacitance between the ca- 
pacitor binding posts in your unit is 
slightly but significantly lower than 


wouldn’t solve your problem! 

A UHF link would be more suitable, 
however it would not be able to stand 
much interference. Wireless video gets 
a bit fuzzy if interference is present 
but even the occasional single-bit er- 
ror will make a digital audio stream 
unusable. 

We spent a while discussing wheth- 
er one could, in theory, send an S/PDIF 
stream with a wireless video transmit- 
ter, since typical PAL video bandwidth 
is only 5MHz. Then somebody remem- 
bered that we actually have a wireless 
video transmitter in the office and in 
the end it was easier to just plug it in 
and see what happened. 

With a direct line-of-sight between 
the two units it did seem to work. The 
unit we tested is a 2.4GHz Wavecom 
Sr which is quite old and unlikely to 
be available now. However, this sug- 
gests that 2.4GHz and 5.8GHz wire- 
less video links could be suitable for 
sending an S/PDIF signal. With that 
unit we found that a person walking 
between the transmitter and receiver 
would cause errors in the signal but a 
more modern system may have better 
signal integrity. It certainly is feasible 
to transmit a digital audio signal across 
a room in this manner. 

As you suggest, it will be necessary 
to convert the Toslink to S/PDIF for 


the minimum capacitance of your 
nulling trimmer capacitor VC1, so 
that a true null cannot be achieved. 
Perhaps this is due to VC1 having 
a slightly higher minimum capaci- 
tance than the nominal 3.0pF or 
because the binding posts in your 
unit have a slightly lower stray 
capacitance between them than is 
usual due to the plastic used in them 
or the case end panel. 

Regardless of the exact cause, 
the way to allow a true null to be 
achieved is by connecting a very 
low value NPO ceramic capacitor 
between the rear of the capacitor 
binding posts, inside the case and on 
the top of the PC board. We suggest 
you try a 1.5pF capacitor first and 
then see if you can achieve a null 
using VC1. 

Hopefully this will be so but if 
not you could increase the value to 
2.2pF or 2.7pF. 


transmission and possibly back to 
Toslink at the other end. Our Two Way 
SPDIF/Toslink converter is certainly 
suitable but we have since published 
a better option, the two Toslink-S/ 
PDIF Audio Converters in the October 
2010 issue. 

These are available in kit form from 
Altronics (Cat. K5174 and K5175) and 
since the two halves are separate, you 
won’t end up with redundant sections 
at each end. You may even be able 
to power these units from the same 
plugpack as the wireless transmitter 
and receiver, as they draw very little 
current. 

The signal level output from the 
TOSLINK to S/PDIF converter should 
be suitable for driving a video trans- 
mitter although you may get better per- 
formance with a wider voltage swing, 
which can be achieved by altering the 
resistor ratios in the output divider. 


LED signal 


flasher unit 


Recently, I had a major problem 
with the turn signal indicators on my 
motorbike (the bike is a 1984 model). 
After investigating, I discovered one 
of the lamp holders had shorted the 
centre conductor to the body. This then 
destroyed the original flasher unit. 
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When we marshal landing aircraft 
| at night, we use marshalling wands. 
| These consist of a basic torch utilis- 
| ing a red globe encased in a conical 
wand. Unfortunately, these deplete 
their two 1.5V batteries often on the 
| flight line, which can be dangerous. 
| I want to replace the red globe 
in the torch with LEDs, which 
| would illuminate the whole cone 
and reduce the battery demand. Do 
| you have a circuit for such? (R. B., 
| Nowra, NSW). 
© A 1W LED torch that used two 
D cells in a standard torch was 
published in November 2003. Your 
conical wand should light up with 
| the 1W LED facing upward. 
| Note that the Luxeon star LEDs are 
| 


| available in red which will be more 


Converting A\forch)To Use LEDS 


| 
efficient than using white LEDs | 
with a red filter. See www.altron- | 
ics.com.au for red 1W LEDs or the | 
Alternative Energy Association | 
website at www.ata.org.au | 

The PCB is available from www. | 
rcsradio.com.au while the ZX- | 
SC100N8 is available from Mouser: 
http://au.mouser.com | 

The ZXT13N50DE6 is also avail- | 
able from Mouser. The ZXT13N20- | 
DE6 in the parts list appears to be | 
unavailable but the ZXT13N50DE6 | 
is suitable. The Schottky diode | 
type is not critical but should have | 
a 1A rating. 

LED torches are also available | 
commercially. For example, see | 
www.jaycar.com.au or www.ata. | 
org.au | 


As aresult,I decided to fit new mod- 
ern LED indicators rather than play 
with cheap junk again. Super Cheap 
Auto had the right ones for $100 for 
all four and I was in luck; I had a spare 
flasher unit from another bike I had 
scrapped for parts. 

They fitted easily and everything 
worked perfectly. Even the old 1980’s 
flasher unit had no problem with the 
LED lights. They flashed at a normal 
rate. Talk about future-proofing a prod- 
uct. This then led me to want a spare 
flasher unit again but for the life of me 
I can’t find a circuit that will work with 
this particular arrangement. 

The flasher is a 2-wire unit with 
power from the battery going to one 
pin of the unit. The other pin then 
goes to the turn signal switch on the 
handle bars and from there it runs to 


nee eee ——— 


the turn signal LEDs and to ground. 
Unfortunately, the original flasher is 
potted in epoxy so there is no looking 
at the circuit design. 

Has SILICON CHIP ever done a project 
or design for a flasher that would fit the 
wiring arrangement of my bike? Or can 
you suggest a design that might work, 
bearing in mind it is only a 2-wire unit 
with the only connection to vehicle 
earth through the indicator LED as- 
sembly? (C. L., via email). 
© Traditional 2-wire flashers use a bi- 
metallic strip that makes and breaks 
the electrical connection to the lamps. 
Generally, these were dependent on a 
certain lamp current to flash correctly 
and if a lamp blows, the flash rate 
becomes much faster, thus indicating 
the faulty bulb. If you substitute LEDs, 
their lower current would normally 


WARNING! 


Notes & Errata 


USB Data Logger (December 2010 
- February 2011): the specified 
inductor has been found to be 
not suitable for the frequencies 
at which the regulator operates. 
This can cause excessive current 
to be drawn at start-up and with 
low battery voltages. As a result, it 
should be changed to a 47H high 
frequency ferrite choke (Jaycar LF- 
1100) which fits in its place. 

Also, a new version of the 
firmware is now available (v9.92) 
which, in combination with the 
new inductor, reduces the current 
drawn at start-up as well as fixing 
some other bugs. 


LED Dazzler (March 2011): the 
parts list and circuit diagram 
show two 22Q resistors but the 
PCB overlay has these as 10Q. 
10Q is correct although 229 will 
also work. 


result in a rapid flash rate so you have 
been fortunate. 

A flasher unit was described in the 
circuit notebook section of the August 
1989 issue of SILICON CHIP. It was de- 
signed to replace the original 2-wire 
flasher unit. However, it does not use 
two wires but the circuit shows how 
it can be used in place of the 2-wire 
flasher. 

The circuit notebook circuit used a 
555 timer and relay. The extra wiring 
involves obtaining a ground connec- 
tion that is normally available from 
the chassis and so this should not be 
a problem. We have not described a 
2-wire flasher. sc 


SILICON CHIP magazine regularly describes projects which employ a mains power supply or produce high voltage. All such 
projects should be considered dangerous or even lethal if not used safely. 


Readers are warned that high voltage wiring should be carried out according to the instructions in the articles. When 
working on these projects use extreme care to ensure that you do not accidentally come into contact with mains AC voltages 
or high voltage DC. If you are not confident about working with projects employing mains voltages or other high voltages, 


you are advised not to attempt work on them. Silicon Chip Publications Pty Ltd disclaims any liability for damages should 
anyone be killed or injured while working on a project or circuit described in any issue of SILICON CHIP magazine. 


Devices or circuits described in SILICON CHIP may be covered by patents. SILICON CHIP disclaims any liability for the in- 
fringement of such patents by the manufacturing or selling of any such equipment. SILICON CHIP also disclaims any liability 
for projects which are used in such a way as to infringe relevant government regulations and by-laws. 


Advertisers are warned that they are responsible for the content of all advertisements and that they must conform to the 
Competition & Consumer Act 2010 or as subsequently amended and to any governmental regulations which are applicable. 
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MARKET CENTRE 


Cash in your surplus gear. Advertise it here in SILICON CHIP 


ELNEC IC PROGRAMMERS 
High quality 
Realistic prices é 
Free software updates 
Large range of adaptors 
Windows 95/98/Me/NT/2k/XP 


CLEVERSCOPE 

USB OSCILLOSCOPES 
2 x 100MSa/s 10bit inputs + trigger 
100MHz bandwidth 
8 x digital inputs | O es 
4M samples/input >:D 
Sig-gen + spectrum analyser 
Windows 98/Me/NT/2k/XP 


IMAGECRAFT C COMPILERS 
ANSI C compilers, Windows IDE 
AVR, TMS430, ARM7/ARM9 
68HC08, 68HC11, 68HC12 


GRANTRONICS PTY LTD 


www.grantronics.com.au 


FOR SALE 


LEDs! Nichia, Cree and other brand 
name LEDs at excellent prices. LED 
drivers, including ultra-reliable linear 
driver options. Many other interesting 
and hard-to-find electronic items! 
www.ledsales.com.au 


PCBs MADE, ONE OR MANY. Any 
format, hobbyists welcome. Sesame 
Electronics Phone (02) 8005 6732. 
sesame @sesame.com.au 
www.sesame.com.au 


SPlat= Tough times 


demand innovative solutions! 


In tough economic times you need to 
watch every dollar. SPLat à 
embedded controllers 
give OEMs more g 
functionality per "Ų 
dollar than any 
competing product. 
Check out our website 

today and discover how we can help you 
remain competitive. 


Made in Australia, used Ş OEMs world-wide 
e 


5 37 Kits, Modules 
and Boxe 
Innovative & affordable 
projects for hobby, 


school & industry 


Light/Dark Activated 
Shop on-line at: Switches & Controls 
www.kitstop.com.au_ FK401, 402, 403, 404 


electronics-the fun starts here 


L1302A MJL3281A 2SA1085 MPSA42 
Cheap postage. 


PCBs MANUFACTURED TO ORDER: 
double sided and multi layer, special 
pressings for high thermal capacity. Stu- 
dents and hobbyists welcome. www. 
iconicpcb.com 


questronix.com.au — audiovisual ex- 
perts solve home, corporate security 
and devotional installation & editing 
woes. QuestAV CYP, Kramer TVone 
(02) 4343 1970 or sales @ questronix. 
com.au 


terrystransistors.com.au: genuine 
MJE15030/31 BD139/40 2SA970 
BF469/470 MJE340/50 MJL4302A Mu- 
L4281A ON@$9.20 MJL21193/4 MJ- 


RCS RADIO/DESIGN is at 41 Arlewis 
St, Chester Hill 2162, NSW Australia 
and has all the published PC boards 
from SC, EA, ETI, HE, AEM & others. Ph 


gs eee eee ee ee o 


| CLASSIFIED ADVERISING RATES 


| Advertising rates for these pages: Classified ads: $29.50 (incl. GST) for 
l up to 20 words plus 85 cents for each additional word. Display ads: $54.50 
(incl. GST) per column centimetre (max. 10cm). Closing date: 5 weeks prior 
I to month of sale. To book, email the text to silicon @siliconchip.com.au and 
include your name, address & credit card details, or fax (02) 9939 2648, or 


{phone (02) 9939 3295. 


www.siliconchip.com.au 


a 


may WOW! A QUALITY DSP 
HF COMMUNICATIONS 
RECEIVER FOR 10% OFF? 


Yes, it’s true! Don’t let its tiny sizejfoo! you. This powerhouse 
receiver covers the AM, FM, LW and entire SW bands from 
3.5 to SOMHZ— and has genuine Digital Signal Processing! 


Exclusive to Avcomm, 
the Tecsun PL-310 
DSP normally sells 

for $ 90.00 (plus 

p&h) but if you say 

you saw it in SILICON 
Cup, Avcomm will give 
you an amazing 10% off! 


u 


eering 


Siomar Battery Engin 
www.batterybook.com 
Phone (08) 9302 5444 


(02) 9738 0330. sales @rcsradio.com. 
au; www.rcsradio.com.au 


STOCK FROM ELECTRONICS busi- 
ness, thousands of components, speak- 
ers, Jaycar and Altronics kits, service 
manuals, too much to list. Frank Borszeki, 
Kiama 045 837 6261. ephase1 @big- 
pond.com 


KIT ASSEMBLY 


KEITH RIPPON KIT ASSEMBLY & 
REPAIR: 

* Australia & New Zealand; 

* Small production runs. 

Phone Keith 0409 662 794. 
keith.rippon @ gmail.com 


WANTED 


CUSTOMERS WANTED: Truscotts 
Electronic World — large range of semi- 
conductors and passive components for 

... continued on page 104 
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Jaycar 


RFMA 


Jaycar Electronics is a rapidly growing, Australian owned, international 
retailer with more than 60 stores in Australia and New Zealand. Due 
to our aggressive expansion program we are seeking dedicated sales 
professionals to join our retail team to assist us in achieving our goals. We 
pride ourselves on technical expertise from our staff. Do you think that the 
following statements describe you? Please put a tick in the boxes that do: 


o Knowledge of core electronics, particularly at a component level 
o Retail experience, highly regarded 
o Assemble projects or kits yourself for your car, computer, audio etc 
o Have energy, enthusiasm and a personality that enjoys helping people 
o Opportunities for future advancement and development 
o Why not do something you love and get paid for it? 
Please email us your applicaton & CV in PDF format, including location 
preference. We offer a competitive salary, sales incentive and have a 
generous staff purchase policy. Applications should be emailed to 


Jaycar Electronics is an Equal Opportunity Employer 
& actively promotes staff from within the organisation. 


RF Modules Australia 


Low Power Wireless Connectivity Specialists 


LM048 Bluetooth | APPlications: | | 058 Bluetooth 
Smallest Serial Adapter Rural External Antenna 
( Utilities h “iF 
Range: 100m Industrial Range: >100m 
SPP andGAP| Commercial | SPP and GAP “er Porites 
Bluetooth+EDR| Government Bluetooth+EDR 
LMO48SPA & LMO48DTR| Meter Reading Baud rate 1200 to 230400 


jobs@jaycar.com.au 


Printed Circuit Board Manufacture 
48-Hour service * High quality + Low prices 
7 1 offs to any quantity J 
Artwork design if required A 
5 © Y Call for obligation free quote...¢ Q is 
9 INSTANT PCBs, POBox 448, Avalon 2107 olo 

Ph (02)9974 1189 Fax (02)9974 5491 


industry, hobbyist and amateur projects 
including Drew Diamond. 27 The Mall, 
South Croydon, Melbourne. Phone (03) 
9723 3860. sales @electronicworld. 
com.au 


WANTED: Radio and Hobbies maga- 
zines, Volumes 1 and 2 (April 1939 to 
March 1940, and April 1940 to March 
1941). In fair condition or better, not 
damaged, with covers (preferably at- 
tached). Graeme (03) 56295141 or 
gdennes @ gmail.com 


PRODUCT IDEAS WANTED: we are 
a distributor of automotive electrical 
accessories and are currently looking 
for new items to add to our range of 
Australian-made products. 

We are interested in products at all 
stages of development; whether an 
idea, partially or fully developed. We 
can provide assistance and funding 
for development and testing of suitable 
products. 
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RF Modules Australia. P.O. Box 1957 Launceston, TAS., 7250. 
Ph: 03-6331-6789. Email: sales@rfmodules.com.au. Web: rfmodules.com.au 


www.iinet.net.au/~worcom 


| WORLDWIDE ELECTRONIC COMPONENTS | 

| PO Box 631, Hillarys, WA 6923 

| Ph: (08) 9307 7305 Fax: (08) 9307 7309 
Email: worcom@iinet.net.au f 


Silicon Chip Binders 


* Each binder holds up to 12 issues 
%* SILICON CHIP logo on spine & cover 


Price: $A14.95 plus $A10.00 p&p per 
order. Available in Australia only. Buy 
five & get them postage free. 


If you have a product which you think 
may be suitable, please send informa- 
tion to auto_elec_ideas @bigpond. 
com 

All enquiries and submissions will be 
treated confidentially. All enquiries will 
receive a reply. 


POSITION VACANT 


Seeking an assistant for everyday elec- 
tronic and software related service and 
support to our clients. PIC programming 
and electronic skills would be advanta- 
geous. Blacktown. jefady @ gmail.com 


Altronics 

Avcomm 
Cleverscope 

Dick Smith.. 
Digi-Key Corporation 
Dyne Industries 
Emona Instruments 


Grantronics 


Harbuch Electronics 
Hare & Forbes 

HK Wentworth 
Iconic PCB 

Instant PCBs 


Kitstop 

LED Sales 

Microchip Technology 
NPA Pty Ltd 

Oatley Electronics 

Ocean Controls 

Quest Electronics 

RCS Radio 

RF Modules 

Sesame Electronics .... 
Silicon Chip Binders... 
Silicon Chip Bookshop 
Silicon Chip Order Form... 
Siomar Battery Engineering 
Soundlabs Group 

Splat Controls 

Tenrod Australia 

Terry’s Transistors 
Truscotts Electronic World 
Wagner Electronics 
Wiltronics 


Worldwide Elect. Components 


PC Boards 
Printed circuit boards for SILICON CHIP 
designs can be obtained from RCS 
Radio Pty Ltd. Phone (02) 9738 0330. 
Fax (02) 9738 0331. 


www. siliconchip.com.au 


OATLEY ELECTRONICS 


www .oatleyelectronics.com 


===NEW KITS" 


TUBE BASED STEREO RIAA PRE-AMPLIFIER 
This an improved version of our K282 RIAA Pre-amplifier. 
The amplification stages in this kit are identical, but it 
employs a simple series regulated and highly filtered 
power supply. It can be powered from a local Mains 50- 
60HZ outlet with an output voltage of 100-120V or 200- 
J 240V. = 


7 SPEED PEDAL TRIKE / ELECTRIC VEHICLE 
Adult sized trike with fat 20" wheels and electric 
motor assistance / conversion kit, huge carrying 

capacity 130Kg, strong, stable design. 


Adult sized trike with fat 20" (508mm) f T i - 
wheels and 7 speed gears and electric Se S o ee 
assistance / conversion kit, huge 
carrying capacity (up to 130Kg inc. 
rider), strong & stable design. Ideal for 
everyone from kids to grandma, with a 
low step through section & it will even 
carry a load of shopping in its huge rear f- 
basket, Could be used for general a eat 

commuting or even as a mobility vehicle f T AEE T 
for an aged or disabled person. These} 3 
trikes are in partial kit form & for your f 
own safety should only be assembled 
and tested by a qualified bike mechanic. 
The motor kit can be fitted while 
retaining the full function of the pedals 
and gears etc. Kit inc. throttle, speed 
controller, geared motor, motor bracket, 
chain, sprocket, free wheeling ratchet, 
shaft adaptor & instructions. You will f= 
need batteries, charger & some wire etc 
& basic wiring skills (batteries wire & 
skills not supplied). We believe that they FF 
will comply with laws in most states but 
you should check with your local 
authorities. See our web site for more 
information. Special introductory price OW STEP-THROUGH. 

of $479 Less than 1/2 price of others. DIKFERENTIAL ALLOWS (AAW LEO MINER ict WH ox oawiene 


Available in red or blue only. FORNIIGHT TURNING CIRGME K300 12V/3.3W LED driver kit with 9 x 1/2w led’s or 


BICYCLE HANDLE-BAR PUSHBUTTON SWITCHES a two on ee ange This kit is Sa 
Designed to fit 22mm bicycle handle-bars. O PIONIES: ‘A: CONSAN. NUTeNt tO! “a iSehes;palalle: 


Each switch is fitted with approx. 1M of flexible cable. combination of nine 0.5W LED's. The total current 


TUBE / VALVE BASED 20W AMPLIFIER KIT 
This low cost Power Amplifier is based on a Raytheon 
JAN6418 tube pre-amplifier and a National LM1875 
Power Amplifier IC. The amplifier will deliver up to 20W 
into an 80hm load, and up to 
10W into a 4ohm load. For a 
transformer to power up to two 
K299 kits see our web site. 


[BKSW1] remains relatively constant at around 330mA with an 
SPEED Single push-button switch (push on, push off) appren prot | en rh ee be race eet 
, the battery voltage falls below 11V, but some usefu 
CONTROLLERS - WHEELS - __ | [8ksw3] ae 


1 X Push-button switch (push on, push off), light output is still produced with a battery voltage as low 


THROTTLES - SPROCKETS {1x Momentary (on only while held)(normaly open). as 9V. NOTE: eo coal det Re together in 
AND CHAINS - SEE OUR WEB __| 1X3 position Slide switch (Left, off, Right). series, (requires the purchase o its). 


D S. 

10W LED DRIVER KIT WITH 10W LED 
12V/10W LED driver kit or 24v/20w with 2 series 
connected kits. This kit is designed to provide a constant 
Current to a series-parallel combination of nine 1.2W 
LED’s that are enclosed in one assembly (1 X 10W LED) 


$6.00 


A N Mill. Spec. Wire 
$ High quality 
300VA TRANSFORMERS German made. 


1.2mmsq, copper. The total current remains relatively constant at around 
msq. ; i 
w ca : a 1Awith an applied battery voltage of 11-15V. The current 
LINTER eee TE i Outside diameter reduces when the battery voltage falls below 11V, but 
pman e TOn 2.7mm.Triple some useful light output is still produced with a battery 
Ideal for amplifiers chargers etc. insulated, First voltage as low as 9V. NOTE: For 24V / 20W wire 2 kits 
Can also be wired in layer seems to be 


together in series, (requires the purchase of 2 K268B 


different configur- kits) A 


ations. Two trans- 
formers could be 
wired to provide 120V 
/600VA primary. 

Four transformers 
wired together would 
give a 1200VA 


PTFE, second 
layer seems to be 
fibre glass and the 
third layer seems 
to be mylar. This 
wire also seems to 
be high temp- 
erature. At 20 cents per meter, rolls from 40M to 400M, 
isolation transformer. This is approximately 1/4 of the wholesale price of single 
[TX300] -= insulated wire. call / email for more details. 

www.oatleyelectronics.com Suppliers of kits and surplus electronics to hobbyists, experimenters, industry & professionals. 
OR www.0oatleye.com Orders: Ph ( 02 ) 9584 3563, Fax 9584 3561, sales@oatleyelectronics.com, PO Box 89 Oatley NSW 2223 

major credit cards accepted, Post & Pack typically $7 Prices subject to change without notice ACN 068 740 081 ABN18068 740 081 
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SCRIBERS 


Made from carbon steel with uniformly 
hardened points The pocket scriber 
includes a carbide tip and a magnetic 
pickup tool 

e Hardened spring and legs 

e Polished finish 


ee 


EEE 
Size Type 

190mm Double ended s9 (70-630) 
145mm Pen type $20 (70-631) 


INDUSTRIAL STEEL 
SHELVING 


e Industrial 4 shelf rack 


with strong wire mess top 


$299 s010) 


© Dimensions (LxWxH) 1955 x 610 x 1830 

e 364kg capacity per shelf 

e Powder coated finish 

e Adjustable grid 
pattern wire shelving 


LA 
LA. 
awe 


1 
1 


INVERTER TIG/ARC 
170DC WELDER PACKAGE 


ARC 170DC Welder, 

TIG Torch UNEMIG 
Arc Leads & Earth Clamp ee 
Regulator Argon Flow Meter 

Bobbin Type 


HEX KEY SETS 9 PIECE 


e Flip open design 

e Extra long ball end 
hex keys 

e Ball head design allows 
turning of hard to reach 
fasteners 


IMPERIAL 1/16"-3/8" 
54 8 (H800) 


METRIC 1.5-10mm 


$18 s01) 


è 


PORTABLE VIDEO SCOPE 


e 2.4” color screen 


e 1 Meter flexible shaft 


e 9 volt battery 


e Protective plastic carry case 
e Includes magnetic, hook & mirror 


$249 (M697) 


DIGITAL CALIPERS 
Platinum Edition 


. 
e Large clear LCD On/Off, metric. . 

imperial, zero setting at any position * 
e Splash proof * Four way measurement 
e Measurement tracking speed 40”/sec 


0-150mm 0-200mm 
0.02mm Grad 0.02mm Grad 
$97.90 (30-700, “$126.50 (30-701) 


3 


Capacity 70kg each 


560 (C410) 


CASTER WHEELS - 4 Piece 


2 x fixed & 2 x swivel with brake 
5mm wide wheel 


DIGITAL BEVEL BOX 


e Range 180 

e Digital readout display 

© 3 embedded magnets on base 
e 0.1 degree resolution 


Rr 
a a 


$59 (977) 


SAFETY SPECS - GLASSES 


e Clear indoor use # wat, 
e U.V. protection r = "di 
s 


e Hard-coat 
anti-scratch lens 


$12 w05 


e Vector smoke 
outdoor use 

e U.V. protection 

e Hard-coat 
anti-scratch lens 


54 2 (W106) 


BENCH VICES - Cast Steel 


e Fitted with replaceable nut 


e Acme screw thread 


SIZE 

100mm 
125mm 
150mm 


559 
s94 
$129 


(v088) 
(V089) 
(V090) 


DRILLING MACHINES 


e {hp 240V motor 

e 16-speed ¢ 2MT 

¢ 16mm drill capacity 

e Safety micro switch 
on belt cover 

e Includes 16mm 
drill chuck & arbor 


Bench Model 
5269 (D138) 
Pedestal Model 
$299 0140 


4mm shear 
150mm blade 


6mm shear $ 
300mm blade 139 siss 


HAND SHEARS 


589 


(S186) 


HOLE SAW SETS 


eè Bi-Metal high speed steel hole saw set, 
supplied in convenient blow mould case 

e Includes 3/8" & 1/2" shank arbors 

e Pilot drill & spring 


TYPE RANGE No. of PIECES 

Plumbers 19 - 57mm 6 $49 (D103) 
Electricians 22 - 64mm 6 549 (D104) 
General 19 - 76mm. 11 579 (D102) 


SOFT JAWS SETS 


TYPE 


Standard Serrated Face 


(V055) 


Standard Serrated Face 
Standard Serrated Face 
Multigrir 
Multigrip 
Multigrip 


Pipe Jaws - Adaptor 


SIZE 


100mm 


520 (VO6C 


125mm 1 (v061 
150mm 4 (v062ą 
100mm 5 (vos57] 
125mm 26 (VO58} 


29 (VO59} 


530 (VO! 


150mm 


COMBINATION DRILL 
& TAP SET 


e HSS M2 bright finsih 

e Hex shank 

e M3, M4, M5, M6, 
M8, M10mm 

e Includes hex 
snap-on for hand drill 


549 (T0191) 


4 piece 


566 (D1051) 


INDUSTRIAL 
COUNTERSINK 
SET 


e HSS M2 bright finish 

e Cross hole type 

e Sizes: 2-5, 5-10, 
10-15, 15-20mm 


AL-30 

e 250W 240V Motor 

© 300mm between centres 

+ 90mm centre height 

© 20mm spindle bore 

e Cast Iron ribbed bed 

e Dovetailed cross and compound slides 
Electric variable speed 0-2500rpm 

e High/low speed gear lever 

e Forward/reverse spindle direction switch 


MOBILE STORAGE SYSTEM 


COMPLETE PACKAGE INCLUDES FOLLOWING: 


STORAGE CABINET (1790) $385 
© 886 x 650 x 1405mm 

2 x SINGLE PRONG HOOK (a440) $5.50 
2x DOUBLE PRONG HOOK (a442) $6.60 
1x TRIPLE PRONG HOOK (a444) $4.40 
1 x SPANNER HOLDER (aaae) $9.90 


1 x SCREW DRIVER HOLDER 


28 x PLASTIC BUCKETS 
e 110 x 105 x 50mm 

© 140 x 105 x 75mm 

© 220 x 140 x 125mm 

e 270 x 140 x 125mm 


(a448) $13.20 
$200.10 


HM-10 

e 350W, 240V motor 

© 385mm x 93mm Table 

e Electronic variable speed 

e 2 speed gearbox 

e Head tilts +45° both directions 

e Ground work table with T-slots 

e Spring return assisting milling head 
e Vertical micro feed dial .025mm 

e Metric dial graduations 0.02mm 


to maximise torque 


e Precision ‘V'-beds are hardened and ground 
e Conveniently mounted safety emergency stop switch = 
e Includes a set of change gears for metric thread cutting § 


e 2-speed gearbox (high / low) drive system 


© Travels: (X) 228mm (Y) 100mm (Z) 190mm 


AL-30 BENCH LATHE & HM-10 MINI MILL DRILL PACKAGE 


Includes 
5 piece 8mm 
turning tool set 


